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@UTC MODEL 3A EQUALIZER

The UTC 3A equalizer is an ideal universal equalizer for broad-
cast and recording service. It combines tap switches and pad
controls permilling accurately controlled equalization up to 25 DB
at both low and high trequencies. This unit will equalize telephone
lines, pickups. cutting heads. sound on film., and other applications

585

of similar nature. Net price to broadcast stations

@MODEL 3D UNIVERSAL ATTENUATOR

The UTC model 3D attenuator is similar o the 3A equalizer. but
is designed to ATTENUATE the low or high frequencies. The low
frequency control consists of a switch lor adjusting the point at
which cutolf starts to 100. 175 or 250 cycles. and a calibrated pad
control to adjust the slope of the attenuation curve. The high fre-
quency portion is tapped at 4,000, 6.000. 8.000 and 10.000 cycles
with a similar attenuation control. This type of equalizer linds many
applications in recording. dialogue equalization. and P. A.—theatre

$75

applications. Net price to broadcast stations

@MODEL 48 SOUND EFFECTS FILTER

The UTC model 4B ftilter 1x an improved design based on the
ound elfects tilter developed by UTC for the Columbia Broadcasting
System. The low pass control has cutolf frequencies of 500. 1.000.
2.000. and 3.000 cycles and incorporates a pad control lo govern
the rapidity of attenuation. The high pass soction has a swilch for
cutolf frequencies of 500. 1.000. 2.000. and 4.000 cycles. with a cali-
S70

brated attenuator. Net price to breoadcast stations

LINEAR STANDARD TRANSFORMERS

UTC linear standard transformers are available in sizes from
minus 130 DB operating level to 50 kw. All standard units are
uaranteed to be = | DB from 30 to 20.000 cycles. The UTC LS-10
nput transformer ailustrated above incorperates trialloy magnetic
iteting. which. combined with the UTC hum balanced coll structure.
ausures lowest hum pickup ever attained in a standard input trans-

rner.
Write for Bulletin BC-1

Write: ENGINEERING DIV, ¥
EXPORT DIVISION: 100 YVARICK STREET

=

150 VARICK
NEW YORK, N. Y.

It is significant, that on the whole.
difficult transformer jobs find their way
to UTC — jobs requiring unusual engi-
neering ingenuity; improved design
methods; advanced production tech-
nique and equipment.

These typically UTC features, aug-
mented by continuous research, are in-
corporated in both standard and special
products.

Each of the UTC lines is distin-
guished by individual characteristics
ideally suiting the items to the specific

applications intended.

1
ST. % NEW YORK, N. Y.

CABLES: "ARLAB"
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The Centralab story bears repeating . . . and so as we
usher in the New Year, may we again call your atten-
tion to the infinite care . . . the painstaking attention
to detail that characterizes the making of every
Centralab product. No wonder that down through
the years set builders, experimenters, amateurs and
service men continue to “specify Centralab.”
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NEFAL RabIC COMParey

Coil assembly mounted on mycalex
disc aitached fo switch system.
Polystyrene coil insulation with un-
wound plug-in coil form for
additional frequency range desired;
excellent electrical contact between
silver-plated switch blades and cen-
tact springs.

Oscillator circuit built on Type 755-A
high-frequency condenser; coil
switck contacts mournted directly on
condenser; 30 to 1 precision worm
drive on condenser with 1500 divr
sions on main frequency dial; ac-
curacy of setting better than 0.1%.

CARRIER <
#5110 108

n %
HANERAL RADIC COMPANY
I~ it

U=H=~E

BlaMAL
AL

BENERATOR

NEW ULTRA-HIGH-FREQUENCY
SIGNAL GENERATOR

THE development of ultra-high-frequency communication equip-
ment for frequencies up to 300 Mc has been seriously retarded
by the lack of satisfactory test equipment.

General Radio announces a new signal generator for use at frequencies
between 7.5 Mc and 320 Mc. This signal generator has a number of
unique mechanical and electrical features which include very compact
oscillator circuit; unique rotatable coil system; new capacitive
attenuator with alignment plates to present constant capacitance to
the oscillator and eliminate changes in frequency with attenuator
setting; very careful mechanical design and construction to obviate
changes in calibration from mechanical shock.

The new signal generator features:
WIDE FREQUENCY RANGE: in five steps from 7.5 to 320 Mc; unwound plug-in
coil provided for any additional frequency range desired by user

CONTINUOUSLY VARIABLE MODULATION: from 0 to 60%. Internal modulation
at 400 cycles 5% external flat to 2db from 200 to 20,000 cycles

ADEQUATE OUTPUT VOLTAGE: 10 microvolts to 20 millivolts between 7.5 and
120 Mc

COMPENSATED CAPACITIVE OUTPUT SYSTEM: 100 wuf capacitance with no
attenuator effect on frequency; 90-ohm cable with 90-ohm termination

supplied

NEGLIGIBLE STRAY FIELD: not noticeable with receivers of less than 10 av
sensitivity

Type 804-A Ultra-High-Frequency Signal Generator........ $350.00

® WRITE FOR BULLETIN 532

e e e

e
R
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GENERAL RADIO COMPANY

30 STATE STREET

Branches in New York and Los Angeles
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UTAH

PlLUS
PETER L.

; .. g i 2
G, Hamilton Beasley J E N s E N Peter L. Jensen

President Vice-President

COMBINING TWO OF THE MOST OUTSTANDING NAMES IN

SPEAKER ' 'HISTORY

In announcing the association of Peter L. Jensen with the
time-proved Utah organization, the consequent benefits to
manufacturers, sound-men and service-men are undoubtedly
obvious. Users of all types of speakers for original equipment
or replacement requirements have long recognized the respec-
tive advantages and superiority of speakers bearing the Utah i
). W. Caswell trademark and those carrying the name of this speaker pioneer. f. E. Ellithorpe
Yita hgasidlant Utah's background of 18 years of speaker designing, engi- 2ot
neering and manufacturing skill will be reinforced by the
experience in speaker development and improvement which
has won world-wide acclaim for this radio speaker authority,
now a member of the Utah staff.
It is a foregone conclusion that Utah’s policy of aggressive
research and product development will be maintained—that
Utah products will continue to keep abreast of all industry e

developments—that Utah will serve you better than ever before. P. H. Heckendorn

(Signed)

charge of prod.

/ /;A
- P
==

President Utah Radio Products Company

g

ENLARGING THE ORGANIZATION WHICH FURNISHED SR S
H.S. Neynon THE ano INDUSTRY 5,963,621 PARTS DURING 1939 R " dymecher

Secretary& Treasurer Sales

_ S
O. F. Jester W. A. Elimore J. M. Hume F. H. Wilke R. M. Karet D. H. Caswell
Gen'l Sales Manager Chief Engineer Sales Engineering Sales Engineering Sales Sales

UTAH RADIO PRODUCTS COMPANY

820 ORLEANS STREET, CHICAGO, ILLINOIS

Canadian Sales Office —4 14 Bay St., Toronto, Canada Cable Address: Utaradio Chicago
VIBRATORS ©¢ TRANSFORMERS o SPEAKERS e UTAH-CARTER PARTS
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The advance of modern industrial science
has been achieved largely through making
minute changes in physical or chemical form

HOW LAPP I][]UB [] THE STRENGTH

OF THE PORCELAIN COMPRESSION CONE, WITHOUT
CHANGING DIMENSIONS, WALL THICKNESS OR WEIGHT

for use in all types

of footing and guy

insulators. And, then, not content with
their first efforts along these lines, they set

to effect tremendous changes

in performance character-

istics. Consider the

out to improve the design—
with the result that by
changing slightly the

matter of steel. If you
know how, you can
take a pound of com-
mon nails, add about
% ounce of carbon
and make tool steel
with double the ten-
sile strength and five
times the hardness.

Left, early Lapp Compression Cone. Right, curved
side compression cone—same dimensions, wall thick-
ness and weight—twice the compression strength of the

straight side cone—the design used in all footing and
guy insulators (see below) since 1932.

contour of the cone,
they doubled the
strength of the insu-
lators. » » + IU’s the
know-how of Lapp
engineers that has
kept Lapp the domi-
nant fcree in insula-

tion for radio broad-

* * » As pioneers in

radio tower insulation, Lapp men had to

develop whole new engineering concep-

tions. Recognizing early that the tremen-

dous mechanical loads could be carried by

porcelain loaded only in compression, they

developed the porcelain compression cone

cast. Today, if you
contemplate installation of a new transmit-
ter, or modernization of present equipment,
you can’t afford not to consider Lapp for
tower footing and guy insulators, for porce-
lain water cooling systems, for pressure

gas-filled condensers.

INSULATOR C€O., INC., LE ROY, N. Y., U. S. A,

ELECTRONICS — January 1940
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Boon to engineers is AlSiMag’s demon-
strated ability to lick high frequency
insulation problems.

Thirty-seven years of leadership, a
laboratory and engineering staff con-
stantly at work on problems vital to
every industry using ceramics,— here
is convincing proof that we are ably

equipped to meet your insulator re-
quirements. For the economy that
experience alone can achieve, bring
your insulator problems to American
Lava Corporation.

There is an AlSiMag body to meet your
insulator requirements.

FROM CERAMIC HEADQUARTER®

AMERICAN LAVA CORPORATION - CHATTANOOGA * TENNESSEE

CHICAGO o CLEVELAND « NEW YORK o ST. LOUIS  LOS ANGELES « SAN FRANCISCO « BOSTON « PHILADELPHIA « WASHINGTON, D. C.
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DISCAND CAM

OPERATED— Pro-
/P“‘_'—:\\ gram control by

means of aroller-
leaf actuator Micro Switch following
strips on a driven drum.

SPEED GOVERNORCON-
TROL—Speedindicated

or controlled by presses,
aregularMicroSwitch P
linked to a governor. ____u-m—m]

Ifthe Applications
‘ofthe Micro Switch
Shown Above Do
Not Meet Your Design Require-
ments, Write Us for Complete Data

The design possibilities of this small, compact, sen-
sitive precision snap-action switch are so broad that
we cannot begin to illustrate all of them. Write for a
complete set of data for your files. . . . The Micro
Switch is 1 15/16” long, weighs 1 ounce, operates
precisely on small energy, small force and small
movements at speeds as high as 600 times per min-
ute and endures millions of operations. It’s listed by
Underwriters’ Laboratories and has the approval of
the Hydro-Electric Power Commission of Ontario.

POSITIONING SAFETY
SWITCH—Two spring-
plunger Micro
Switches operate only
when work is in exact
positionandinterlock
with safety circuits on

SOLENOID CON-
TROL—Solenoid
when pulled in op-
erates a spring-
plunger Micro
Switch to coatrol
other circuits.

COIN ACTUATED
—In a coin ma-
chine,theweight
of a coin, through
a simple lever,
operates a regu-
lar sensitive Mi-
cro Switch.

SCREW
LIMIT—
Screw
operated
carriage
ateach
end of
travel ac-
tuates a spring- plunger Micro Switch
which reverses or stops motor drive.

PRESSURE ACTUATED— Pres-

-
DOUBLE ACTION
FLOAT—Liquidlevel
control through
the use of a reset
Micro Switch and
a lever operated by
stops on the stem

sure switch is made by com-
bining a regular Micro
Switch and a pressure oper-
ated plunger. The electrical
circuit is thereby controlled
by the opening and closing

of a float. of the valve.

A Streamlined

Die-Cast Housing
with Many Features

¥

A sturdy and attractive die
casting for enclosing all types
of Micro Switches. . . Rugged
terminals for No. 14 wire
< well supported on the switch
and arranged for easy field connection . ..
Underwriters’ listed construction through-
out. . .. No pigtails or sealing pitch neces-
sary... Micro Switch readily replaceable. ..
Hub takes %" standard conduit. .. Available
innormally open,normally closed,ordouble
throw circuits. Write for data sheet No. 5.

MICRO MS, SWITCH

MANUFACTURED IN FREEPORT, ILLINOIS BY

MICRO SWITCH CORPORATION
New York Chicago

we ¥

Boston
Copyright 1939, Micro Switch Cerboration

MICROMS SWITCH

ELECTRONICS — January 1940
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TRADE MARK
REG. U. 8. PAT. OFF.

Only *FP (Fabricated Plate) CAPAC]T(’RS

can give you fabricated plate performance !

A stand-in may even look like the star in every respect. But *NOT etched construction
when it comes to acting only the star will do. And that’s the

way it is with capacitors. On the basis of appearance you may
get by with a coudenser that just looks like an FP Capacitor.
But when it comes to actual performance... there is no sub-
stitute for a genuine FP Capacitor.

The design of FP Capacitors is so practical and their success so
outstanding that attempted imitation was to be expected. But the
real differences . .. the operating characteristics . . . cannot be imi-
tated. FP Capacitors are constructed by a patented process that in-
volved great investments of time and money to develop. The result
is a capacitor that sets a new high in efficiency and performance.
Low R. F. Impedance . . . better filtering efficiency . . . surge proof
construction . . . smaller sizes without a sacrifice of safety or effi-
ciency . .. freedom from corrosion ... these are just a few of the
revolutionary features of FP Capacitors.

There are already over five million in use as original equipment.
Every one of them is a reason for you to fully investigate the
advantages offered exclusively by FP Capacitors.

P. R. MALLORY & CO., Inc.

INDIANAPOLIS INDIANA
Coble Address—PELMALLO

MALLORY

Don’t fall for a Stand-in

January 1940 — ELECTRONICS
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ELECTRONICS....KEITH HENNEY, Editor....JANUARY. 1940

CROSS

» XMAS . .. Although this issue of Electronics gets
to the readers after New Years, much of it is being
written the day before Christmas; and our hearts are
full of good cheer for all of you who read, month after
month, what all of us manage to wangle from our
typewriters.

At the year-end certain pleasant occurrences stick
in our mind. For example; a certain well known radio
engineey whose name we don’t have permission to
reveal, suffered rather badly in an auto accident a few
months ago. Associates were concerned because his
spirit seemed to be broken. Then they took heart. He
was raising hob in the hospital because the doctors
were talking of tieing his broken legs together with
sections of piano wire. He demanded (and got) catgut
because he still had much research to perform on high
frequencies and he wanted no open-ended conductors
in his legs to soak up h-f energy.

And at the other end of the spectrum is the letter
from J. R. Tate who complains because he can’t keep
up with the new tubes. “I bought a new tester three
months ago and now it’s out of date. I’ve been trying
to keep up on testers for the last 16 years. When will
this outrage stop?”

» ARGUMENT ... We have already commented on the
present excitement about frequency modulation. In
this issue will be found a summary of the situation as
we now see it. It is an attempt to sift facts from
rumors. It is an appraisal of what we now know and
of what must soon be found out. In this summary we
are fighting no one’s battles; we take no sides unless

TALK

there is an industry side. We are for better and befter
broadcasting and for more business for those who
design, engineer and manufacture the parts that make
up the communications business. We are unbelievers
when anyone states that the public does not want high
fidelity; or that the poor farmer remote from a trans-
mitter must take his poor signals as his medicine for
not working in a crowded city. We believe that high
frequency broadcasting will provide a superior broad-
casting service whether it is by amplitude or frequency
modulation. And we want a better broadcasting
service.

It is rumored that the F.C.C. will begin informal
talks to sift the wheat from the chaff on frequency
modulation late in February. Some of this sifting will
be found in this issue.

» CENSUS . .. This month the United States Bureau
of the Census begins to take the count—of business
and manufactures. All those who make, sell, or service
radios, phonographs and other sound apparatus will
be covered. In April the Population Census begins.
Every one of some 33 million homes will be visited,
and one inquiry will be “Is it equipped with a radio?”
Much data of value to the industry will be uncovered,
assembled and finally made available to those who can
use it. And, best of all perhaps, will be data which will
show not only the numbers of sets in use but the num-
ber that can be sold. One of the angles of research
will be on the relation between the number of persons
employed in any locality to the number of radios in
that place.

wWWW americanradiohistorv com .
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FREQUENCY MODULATION

A Revolution in Broadcasting?

HIS article is based on the in-

vestigations of the editors, who
assume responsibility for the state-
ments made. As a background, inter-
views were held with the inventor of
the wideband system, with a Com-
missioner of the Federal Communi-
cations Commission, with the chief
engineers of the three major broad-
casting systems in the United States,
and with engineers active in the radio
receiver business. Expecting a wide
diversity of opinion in these men,
the editors were surprised to find
considerable unanimity on the merits
of the system as well as on the sub-
jects requiring the presentation of
further evidence. This report repre-
sents, insofar as it is possible to do
so, a digest of all points of view,
with particular reference to the good
of the industry, rather than in the
interests of taking sides.

ONTROVERSY, a word not al-
together unfamiliar in the his-

tory of radio, has dogged the foot-
steps of frequency modulation al-
most from the first announcement
of the wideband system in 1935. To-
day a veritable storm center of dis-
cussion revolves about it, not only
in engineering circles but in the
commerical sphere, and even in sight
of the body politic. Engineers and
salesmen have been asking each
other: Is it really as good as it
seems? Can it be promoted to com-
mercial success? And if so, how will
it affect the radio business? Is there
danger in overenthusiasm which
may ruin what little prosperity the
radio business now enjoys? Does the
public really want high fidelity, or

10

A survey of the facts, as well as of matters requiring further

investigation, gathered from engineers in whose hands rests

a new medium for an improved broadcast service

will it be as apathetic to a better
service as it is to attempts to im-
prove the present broadcast service?
These and a hundred similar ques-
tions seem to be on the lips of nearly
every one who has a stake in radio.
Unfortunately the answers to these
questions lie buried deep beneath a
fog of misinformation and conten-
tion based on ignorance or self-in-
terest. There has been too much
said on the basis of too little knowl-
edge, too many claims and counter-
claims, too much acrimony and
suspicion to allow a clear view. In
short there has been, not too far
behind the scenes, a tidy little fight
concerning the merits of the system
and the advisability of promoting it
to the public.

In the face of such a situation it
behooves the editors of a technical
publication to maintain as benevo-
lent a neutrality as possible. The
editors of FElectronics hope they
have done so, although they have
been flatly accused of taking the side
of the inventor in reporting demon-
strations enthusiastically. But this
accusation is not widely made, be-
cause if there is one thing clear
about frequency modulation, it is
that the system as demonstrated
really does perform with startling
high fidelity and with startling free-
dom from noise.

The questions arise only on the
interpretation: Is the improvement
due to the use of frequency modula-
tion, itself (and if so, how much
does the wideband contribute to it) ;
or does the improvement in noise
reside in the use of the ultrahigh
frequencies; and is the high fidelity

www americanradiohistorv com

due mostly to the painstaking care
with which distortion and other
technical aberrations have been re-
moved from the equipment demon-
strated. These are burning ques-
tions, but they are ones for which
good first-approximation answers
have been available for some time.

The present article represents as
honest an attempt as the editors can
make to reveal what matters are
known facts and what ones still
require investigation, and to eluci-
date principles on which economic
considerations and the public interest
can best be decided. This is a large
order, and one of your editors would
hesitate to undertake if they did not
sincerely believe that the situation
demands a thorough review, not only
in the interest of the technical fra-
ternity, but for the broader group
of executives and members of the
lay public on whom so many import-
ant decisions depend.

What is the Situation Today?

Two facts stand out in the
national situation: first there is a
very large and growing number of
broadcasters who have applied for
permits to erect and operate frequ-
ency-modulated stations, and second
that there are very few receiver
manufacturers offering receivers to
the public. On November 27th, 1939,
when the last available recapitula-~
tion prior to going to press, was
made by the F.C.C., there were five
frequency modulated stations oper-
ating under F.C.C. license and 15
stations operating (or about to
operate) under F.C.C. construction
permits, making 20 f-m authoriza-
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tions in all. The total installed
power represented by these author-
izations was 108,550 watts, including
one 40 kw and one 50 kw authoriza-
tion. Most of the authorizations are
for 1000 watts. As early as Decem-
ber first, f-m stations were operat-
ing on regular schedule in Paxton,
Mass., Alpine, N. J., Meriden, Conn.,
Springfield, Mass., New York, N. Y.,
and Rochester, N. Y.

On November 27th, there were 31
amplitude modulated stations author-
ized to operate on the u-h-f broad-
cast bands under license, and three
under construction permits, making
34 in all. The total installed power
of these 34 authorizations was
11,950 watts, including no power
higher than 1000 watts. (This list
omits television sound transmitters.)

As of the same date there were 17
applications for new f-m stations,
total installed power 72,350 watts,
including one 50 kw application.
There was, as of the same date, one
new a-m application for 500 watts.
There were also several reapplica-
tions for changes in both systems
which do not affect the number or
power of the stations. The present
investment (assuming the applica-
tions are granted) in u-h-f ampli-
tude modulation broadcasting is ac-
cordingly 35 stations and 12,450
watts, in u-h-f frequeney modulation
broadcasting, 37 stations and 180,-
900 watts. Since November 27th, and
up to the date of going to press,
approximately 15 more applications
for f-m stations were received.
These figures are of interest because
they reveal that broadcasters are

interested in frequency modulation
to the extent of investment (actual
or as soon as permission is granted)
based on power only, of nearly 20
times the total investment in
amplitude modulation on the same
bands of ultrahigh frequencies.
All f-m stations are experimental
(except one or two relay stations).
No doubt many of the stations rep-
resent investment truly in the inter-
ests of experimental research. But
equally without doubt some of them
have been installed to stake a claim
on a frequency. No further proof
of this is needed than the fact that
there are fwo experimental f-m sta-
tions in prospect for Rochester,
N. Y., Hartford, Conn., Boston, New
York, each a pair of stations which
may eventually be in competitive
commercial relationship.

The availability of commercial
receivers, however, presents a
somewhat different picture. At the
time of writing nine manufacturers
are licensed to manufacture fre-
quency modulated receivers under
the Armstrong patents: General
Electric, Stromberg-Carlson, Scott
Radio, Radio Engineering Labora-
tories, National Company, Hammar-
lund, Hallicrafters, and two others
not yet ready to offer receivers
to the public. These organiza-
tions have agreed to pay three
per cent of the manufacturer’s
selling price to the inventor, but the
license agreement permits deduc-
tions which bring the net royalty
payment to a minimum of 1.8 per
cent. The base rate of payment of
an RCA receiver license including

rights to patents of other companies
is roughly five per cent with deduc-
tions to approximately three per
cent. For a Hazeltine license it is
three per cent with deductions to
approximately 1.5 per cent.

Exact figures of frequency-modu-
lated receiver distribution have not
been released, but the number may
surely be placed at not lower than
2000 sets and not higher than 5000
sets, installed mostly in the New
England and New York City areas.
This distribution establishes the fact
that no commercial audience of any
significance is available for fre-
quency-modulated broadcasts as yet.

Is All the Credit Due to Fregquency
Modulation?

The foregoing evidence of eco-
nomic activity in frequency modula-
tion indicates clearly the faith now
held in it by those individuals will-
ing to spend money on it (or to
spend money on the chance of gain-
ing a valuable foothold, in the event
their faith is justified). But it does
not prove, by any means, that fre-
quency modulation is all it’s e¢racked
up to be. For proof of this, resort
must be made to the engineering evi-
dence, and at once the three ques-
tions arise: How much due to fre-
quency modulation? How much due
to use of u-h-f waves? How much
due to painstaking removal of tech-
nical aberrations?

In the first place, let it be stated
for the record, so that question
never need be answered again: The
observable natural static on the

ESTABLISHED OR SUBSTANTIATED MATTERS OF FACT:

Channels available for frequency
modulation, each 200 kc wide, num-
ber 13 in all, four from 26,300 to
26,900; five from 42,600 to 43,400;
and four from 117,190 to 117,910 kec.

As of November 27, 20 authoriza-
tions were issued by the F.C.C. for
frequency modulation stations, cover-
ing a total installed power of 108,550
watts.

As of November 27, 16 additional
applications had been made for new
authorizations for frequency modula-
tion stations, representing total re-
quested power of 72,350 watts,

As of November 27, 31 authoriza-
tions were issued for amplitude mod-
ulation u-h-f stations, covering total
installed power of 11,950 watts.
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As of November 27, one additional
application had been made for au-
thorization of an amplitude modula-
tion u-h-f station, power 500 watts.

Man-made static is a factor on the
ultrahigh frequencies to be con-
sidered in comparing a-m and f.m,
with an advantage of 10 to 30 db in
favor of frequency modulatior at
S-to-1 deviation.

Tube and circuit noise is a factor for
consideration, assuming equal de-
grees of fidelity in the two systems,
with an advantage of 30 db in favor
of frequency modulation.

Quality of transmission may be
achieved in either system, if power
is disregarded. With a given ex-
penditure of peak power, however,
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a program of given quality may be
sent by frequency modulation over
an area some |0 to 30 times as great
as that covered by amplitude modu-
lation on the same frequency band.

A frequency modulated station occu-
pies from two to five times the ether
space required by double-sideband
amplitude-modulated signal of the
same quality.

The established desired-to-undesired
signal ratio, below which interfer-
ence on amplitude modulation is said
to be negligible, is 40 db (F.C.C.
regulation).

The established desired-to-undesired
signal ratio, below which interfer-
ence is negligible on frequency
modulation, is 6 db.
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ultrahigh frequencies is very much
less than that existing on the lower
frequencies. On wideband ampli-
tude modulated receivers operating
with high sensitivity at about 40 Mec,
during the summer, natural static is
in evidence, but it is very much
weaker than on the lower frequen-
cies. Amplitude modulation is power-
less against whatever natural static
exists, except by reducing the band-
width of the received signal (and
thus lowering the fidelity of recep-
tion), or by raising the power of the
transmitter. The frequency modu-
lated receiver is highly effective in
discriminating against whatever
natural static does exist. Were it
not for this fact, since very low field
strengths are useful in frequency
modulation, the natural static prob-
lem might be serious at times.

Man-made static is, of course, a
horse of a very different hue. Noise
from ignition systems, diathermy
apparatus, and the like is much more
pronounced on the ultrahigh fre-
quencies than on the low. Amplitude
modulation and frequency modula-
tion must contend with it equally.
With amplitude modulation, in ur-
ban areas, such man-made noise may
be the limiting factor in reception,
especially if the transmitter power
is low, which has been true of virtu-
ally all a-m broadcasting on the
u-h-f bands up to the present, except
in a few television sound trans-
mitters. But if sufficient power were
available, amplitude modulation can
overcome the noise and, in fact, has
been proved to do so many times.

The important fact is that fre-
quency modulation is more effective
against this man-made noise than
is amplitude modulation, and this
means that less power is required to
overcome the noise than is necessary
with amplitude modulation. The
advantage, for this type of noise, is
generally agreed to be in the neigh-
borhood of 10 to 30 db, or a power
ratio of 10 to 1000 times. While the
exact value of this figure is not
agreed upon by every one, and is
therefore a subject of further in-
vestigation, practically no one now
doubts that there is some advantage
and most agree it is not less than
ten times in power.

So much for the matter of noise
on ultrahigh frequencies. Now what
about the fidelity of the system?
Again let it be stated for the record
that any degree of fidelity which

12

may be built into a frequency-modu-
lated transmitter may also be built
into an amplitude-modulated trans-
mitter, provided that power is not
a factor. The only question at issue
is whether or not the fidelity so built
into the transmitters may be uti-
lized, which means brought out of
a loudspeaker unimpaired. It may
be said that if transmitter power
were not a limiting factor, amplitude
modulation could provide as much
realizable fidelity as can frequency
modulation, although this might re-
quire the use of very low modulation
percentages.

Unfortunately, in most cases
power is a very definite limiting
factor, and especially so on the ultra-
high frequency bands. The power
factor is therefore basic to the argu-
ment. And it may be stated, again
for the record, that a program of
given quality can be transmitted to
a given receiver with less power on
frequency modulation than on ampli-
tude modulation. The magnitude of
the power advantage is from 10 to
100 times or more.

The statement that amplitude
modulation and frequency modula-
tion are capable of equivalent qual-
ity, provided that power is not a
factor, requires considerable qualifi-
cation, however, when harmonic dis-
tortion is considered. It is still true
that if unlimited power is available
in an amplitude modulated trans-
mitter, and if therefore the percent-
age modulation may be kept low,
and the range of operation over the
dynamic characteristics of the tubes
may be restricted, then harmonic
distortion may be kept within any
assigned limit we may choose. But
in amplitude modulation, the non-
linear harmonic distortion intro-
duced is caused principally by the
nonlinearity of tube characteristics.
If tubes are to be used economically
in amplitude modulated transmitters,
therefore, harmonic distortion be-
comes a problem.

In frequency modulation a quite
different situation exists. The har-
monic distortion does not depend on
tube characteristics, but rather on
the characteristics of the tuned cir-
cuits used. In general it seems to
be easier to design a linear circuit
than a linear tube, and still main-
tain operating economy. This ac-
counts for the phenomenally low
values of harmonic distortion com-
monly quoted for frequency modu-
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lated stations, compared with those
of amplitude-modulated stations.

The advantage of frequency modu-
lation in providing low harmonic
distortion without sacrificing oper-
ating economy has an important
bearing on the whole high fidelity
problem, because high fidelity de-
pends not only on a high upper fre-
quency limit, but on a low value of
distortion. In fact it is claimed that
the reason why the public has not
taken to high fidelity reception is
that harmonic distortion has not
been sufficiently reduced, either in
the transmitters or in the receivers
to allow completely natural repro-
duction. That there may be some
merit in this claim is indicated by
the direct experience of the editors
in demonstrating their own fre-
quency modulated receivers to people
who have had previous exposure to
high fidelity, but have been uncon-
vinced. Many of these observers,
including men who have no connec-
tion with the radio industry, have
commented on the difference between
f-m high fidelity and previous ex-
amples of a-m high fidelity. This
difference is, apparently, a difference
in distortion.

But even if high fidelity is dis-
counted, for the moment, the ad-
vantage of frequency modulation
with respect to noise still remains.
The improved signal-to-noise ratio
is not a matter of conjecture. It
has been proved practically and
mathematically, and no informed
person gives this particular aspect
of the question any serious thought.
The main question, right now upper-
most, is how to use the advantage.
Shall it be used to provide a high
quality program of transmission
over a given number of stations, or
shall it be used to provide a lower
quality over a greater number of
stations. It is generally agreed that
frequency modulation, in one form
or another, can do a better job on
ultrahigh frequencies, both as to
quality and range, than can ampli-
tude modulation. If transmission of
the highest possible quality has
no social or economic value (as
is firmly held by some of our
outstanding broadcasters), and if
the increased range in prospect pro-
vides radio service to an area not
inhabited by any one at all, then
there is no economic justification
for frequency modulation because
these are the only two advantages it
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can give: better quality and more
range for a given expenditure of
power. But if quality has economic
value and if increased service area
is inhabited, then some economic
value accrues and this economic
value must be balanced against other
economic values, particularly those
related to the status quo and the
maintenance of a sound industry
structure.

Thus far, the comparisons have
been strictly on a basis of a-m vs
f-m on the same ultrahigh frequen-
cies, and the discussion is of interest,
therefore, only if the use of the
ultrahigh frequencies for broadcast-
ing is a foregone conclusion. If
u-h-f is surely in the cards for
broadcasting in the future, then
frequency modulation has very little
opposition, and the only questions
are subsidiary ones; that is, whether
quality or number of stations shall
predominate, and in what proportion.

What then is the case for the
ultrahigh frequencies in the future
of broadcasting? Here is perhaps
the most basic consideration of all.
Unless the u-h-f band is to be used,
the present controversy is a lot of
thermal agitation and nothing more.
But if the u-h-f is the next step,
then the a-m vs f-m question is very
quickly decided on its merits, and
the subsidiary questions of how best
to use the advantages gained must
be left to the engineers and execu-
tives who guide the industry.

No one can deny that most 50-kw
broadcast stations in the standard
band do a very good job of putting
out a 5000-cps program (when they
get one to put out) to about 95 per
cent of their audience within service
range. The less powerful stations
(whom God loves best because there
are so many of them) are of course
equally well placed because their
service range is less. But fidelity to
10,000 cps is virtually impossible,
because of heterodyning and the in-
crease in noise, in any but favorable
locations close to the transmitter.
In fact, due to the pressure of many
stations and little space for them,
when the present allocation for 550
to 1600 kc was drawn up, fidelity
above 5000 cps was made impossible
for the great majority of all listen-
ers, Fidelity within that limit was
taken care of, and at the time seemed
plenty adequate enough. But today
every engineer knows that 5000 cps
is not enough and surprisingly

ELECTRONICS — January 1940

enough, a great many plain ordinary
people know it’s not enough. If we
want high fidelity, above 5000 cps
and below 20,000 cps, then the ultra-
high frequencies are the prescrip-

Matters of conjecture

requiring further evidence
and industry agreement:

Whether or not a higher fidelity ser-
vice can be sold to the public.

Whether or not broadcasting should
undergo a transition from the stand-
ard broadcast band to the ultrahigh
frequencies.

Whether or not a greatly increased
number of broadcast stations [made
possible by u-h-f allocation} is in the
public interest.

The standards for frequency modula-
tion, particularly regarding total fre-
quency deviation, maximum modulat-
ing frequency, and total bandwidth
occupied by the sidebands of the
signal.

Whether frequency modulation stand-
ards on the u-h-f bands should in-
clude facilities for binaural reception,
multiplexing of facsimile and other
service requiring a wider band than
that required for a single high fidel-
ity program.

If frequency modulation is widely
adopted, how many channels are re-
quired for a national allocation and
where can ether space be obtained
for additional channels in the pres-
ent allocation structure?

Quantitative indices of u-h-f cover-
age vs antenna height vs power over
different types of terrain in terri-
tory other than New York and New
England, particularly for frequency
modulated waves.

tion. The question is then, do we
want such high fidelity?

Your editors have encountered a
surprising amount of resistance in
interviews with broadcasters to the
idea of higher fidelity. The reason
given is plausible enough: The trans-
mitting stations of today are at
least 2000 cps wider than the best
receivers listening to them, and
maybe 6000 cps wider than the worst
receivers listening to them. The
public apparently doesn’t give a
hoot. But there are other broad-
casters who argue that the public
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objects not to the high frequency
range but to the increased noise and
harmonic distortion which go with
it.

There is no doubt that high fidel-
ity cannot be exploited without a
well conceived selling plan based on
education. But it is equally agreed
that there is no agency better equip-
ped to do such a selling and educat-
ing job than radie, itself. Suppose,
for example, that all the broad-
casters espoused higher fidelity with
the enthusiasm they now seem to
show for an independent source of
copyrighted music. Suppose that
more engineering ingenuity, as part
of the same concerted effort, were
exerted on making real high fidelity
cheap than on making tubes more
numerous. Suppose, in short, that
the radio industry showed the same
acumen in selling the public as has
the automobile industry. High fidel-
ity would be with us almost over-
night, and whole industry would
benefit, not only because initial
equipment was being sold, but be-
cause radio would take a meore im-
portant place in the national life.

Perhaps all this is too optimistic,
but it makes much more sense to us
than the standpat attitude of letting
the public be blissfully ignorant of a
service they could value a lot higher
than they now value the present
radio service. Certainly this is not
the attitude for a young and pro-
gressive industry to take.

This line of reasoning leads di-
rectly to the ultrahigh frequencies,
not that high fidelity broadcasting is
impossible in the standard band, but
simply that it is too generslly un-
realizable. The ultrahigh frequencies
are not a perfect solution either,
but in our opinion they offer a far
higher prospect of wide realization
of high fidelity than any other.

Suppose we admit for the present
that ultrahigh frequency broadcast-
ing is a desirable step, and that
eventually it will be taken in the
industry stride. Then we come to
the question of which path to follow.
Shall it be amplitude modulation,
wideband frequency modulation,
narrowband frequency modulation?
Now is the time to make that choice,
because there is no status quo. The
public has practically no equipment
for the ultrahigh frequencies. It
will buy what is offered, when
properly convinced of its merits.
The broadcasters have substantially
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no investment in any system for
the ultrahigh frequencies, although
the investment is growing apace. We
are free to choose. The choice must
be made on its merits, technical,
economic and social.

What are the factors which should
influence the decision? The range
and quality available from a given
expenditure of power, are certainly
such factors, and there seems to be
no doubt that frequency modulation
can do a conspicuously better job in
this respect.

Another factor not to be over-
looked is prospective shortage of
space in the ether spectrum. This fac-
tor seems of less importance on the
u-h-f bands than on the lower fre-
quencies, because there is so much
more space on the high frequencies.
But this is an illusory argument. We
never shall have too much space in
the ether for the demands put on it,
certainly not if previous experience
is any guide, and certainly not if we
have any faith in the future of
radio. Here lies the one advantage
which u-h-f amplitude modulation
may safely be accorded. It requires
less space in the ether for a given
program quality than does frequency
modulation.

On the face of it, this is a very
serious matter, and one which no
one, particularly those charged with
regulating the industry, can over-
look. It is safe to say that if there
were no extenuating circumstances,
frequency modulation might not be
worth it on this score alone. But
there are extenuating circumstances.
The principal one is the fact that
the interference between two fre-
quency modulated stations, operat-
ing on the same carrier frequency,
is a vastly less serious problem than
that between two amplitude modu-
lation stations on the same fre-
quency. In the amplitude modula-
tion case the limit is heterodyning
and crosstalk due to beating of side-
band components. The established
ratio between the desired and unde-
sired signal used by the F.C.C. in
thig case is 40 db. For a high fidel-
ity service, the system is propor-
tionately more open to interference,
and the 40 db ratio should no doubt
be raised to 50 db, or possibly
higher. In frequency modulation,
the necessary ratio between desired
and undesired signal is only 6 db.
The problem of allocating stations
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is thus very greatly simplified. Be-
cause of this fact alone, it is argued,
it is possible to allocate more f-m sta-
tions in a given region than a-m
stations, despite the increased space
required by the f-m stations. If this
argument holds water, it puts a
different construction on the band-
width problem. It makes frequency
modulation distinctly feasible from
the ether conservation point of view.

How Much Ether Space?

But the bandwidth problem, while
answered for the most part, is not
completely disposed of. The ques-
tion still remains, How much space
in the ether shall be given to fre-
quency modulated stations? The
frequency may be swung over a
wide range or over a narrow range,
and in general the wide swing
occupies more space (though not in
strict proportion) than does the
narrow swing. The relative merits
of the wide swing (say a deviation
from the carrier five times as great
as the maximum modulating fre-
quency) and a narrower swing (de-
viation two or three times the mod-
ulating frequency) are at present
the chief concern of engineers
charged with gathering evidence for
the industry. Much evidence has
already been gathered, some of it
has been known for many years,
but before standards for frequency
modulation can be set up, as much
evidence as has been adduced must
be forthcoming and it must be
presented for analysis. As editors,
we are not prepared to take
a stand on the relative merits.
What information we have been
able to pick up points to a definite
desirability of wide band frequency
modulation for close range service.
Elementary considerations point to
a higher signal-to-noise ratio, better
dynamic range and more freedom
from interference, in the wideband
case. At the fringe of the service
area, near the discontinuity of
limiter action below which noise is
apparent, narrowband modulation
has been shown in some experi-
ments to offer a better signal-to-
noise ratio, and hence better service
in that part of the area. But the
difference between a deviation of
five to one and a deviation of two or
three to one is a matter of degree
only. While important, and of
necessity a matter requiring stand-
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ardization, the choice between the
two can be decided readily.

The choice seems to have little
to do with patents, despite rumors
to the contrary. It is rather a mat-
ter of deciding whether the new
service shall be restricted to the
transmission of a program of given
quality over a given number of sta-
tions, or allowed to offer a better
and more flexible service to a
smaller number of stations. In par-
ticular, and in addition to the ad-
vantages of higher fidelity, better
dynamic range and greater freedom
from interference, the wide band
system permits a highly flexible sys-
tem, whereby two programs might
be multiplexed on the same channel
for binaural reception, and in which
facsimile might be multiplexed to
carry a printed record of events.
But these advantages may not out-
weigh the requirement of minimum
ether space. In any event there
seems to be very little disposition on
the part of anyone to reduce the
effective fidelity of the system much
below 15,000 cps, and this augurs
well for the high fidelity aspect,
whether the deviation ratio adopted
is five-to-one or three-to-one.

The main reason for the discussion
at present is the fact that the 13
channels now available are not suf-
ficient for a national allocation using
a b5-to-1 deviation, not only be-
cause they do not contain suffi-
cient space, but also because they
are not arranged in a continuous
band (although conceivably push-
button control may overcome the
last objection, as it has in tele-
vision.) The problem then is to find
the space required, and the obvious
suggestion is to take it from
services which do not offer so good
a case for using them as does the
proposed system or, alternatively,
pushing the whole u-h-f allocation
higher in the spectrum.

As this issue goes to press, word
has been received that an informal
public hearing is to be held in
Washington before the F.C.C. on
February 28th, 1940, at which all
interested parties will be invited to
present evidence bearing on the
future of frequency modulation
service. That meeting will be
reported in full in these pages and
the report should make interesting
reading compared with the informal
survey here presented.—D.G.F.
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Tuning Fork

Stabilization

Two methods to improve the stability of operation of tuning forks are presented. One

deals with the tempering of the forks during manufacture and the other with an improved

driving circuit. The various causes of erratic operation of tuning forks are also discussed

By ERNST NORRMAN

UNING forks are an important

source of audio frequencies for a
wide variety of applications where
accuracy is a requirement, but where
the cost of a crystal controlled elec-
tronic audio oscillator is not justi-
fied. However, the frequency of vi-
bration of tuning forks is subject to
variation for several reasons, one of
which is change in temperature. In
an effort to reduce as much as possi-
ble the effects of temperature change,
the writer has developed a method of
treating tuning forks so that the
coefficient of temperature may be
made very close to zero. Because
tuning forks do not sustain them-
selves in vibration, a means of
driving them must be used. In the
interests of stable operation, an im-
proved driving circuit has been de-
veloped which delivers to the tuning
fork a definite amount of driving
energy during each cycle. In addi-
tion to these two means of stabiliz-
ing the operation of tuning forks,
there is presented here a discussion
of the various other factors which
affect their operation.

Method of Tempering

It has been found that by proper
tempering the coefficient of tempera-
ture could be controlled to a consid-
erable degree. The forks used in
these tests had a temperature coeffi-
cient of about ten parts per million,
negative, per degree C. If the forks
are heated to an orange red color
and cooled in oil bath, the coefficient
can be made substantially zero or
even positive. If the action is not
carried far enough, the process may
be repeated or if it is carried too
far the fork may be hammered or

ELECTRONICS — January 1940

Fig. 1—Circuit diagram of the driving unit. The condenser A provides a fixed
amount of driving -energy during each cycle and is discharged by the trigger
action of the 6C5 tube

rolled to reduce the effect of tem-
pering.

Improved Drive Circuil

If an ordinary amplifier circuit
is used to drive the fork any slight
change in the amplification con-
stants of the circuits or any in-
crease in the pickup voltage will
cause a reactive buildup of the am-
plitude of the oscillations of the cir-
cuits and of the mechanical ampli-
tude of vibration of the tuning fork.
This buildup will continue until the
increased losses in the circuits and
particularly the increased mechani-
cal losses in the fork balance the
cause for the change of amplifica-
tion.

Various methods have been em-
ployed to counteract this action. The
circuit shown in Fig. 1 prevents this
reactive buildup. The capacity of
condenser A and the voltage to
which it is charged are the only
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factors that have any appreciable
influence on the driving power de-
livered to the drive coil B.

Condenser A should be of a small,
enough capacity so that it will be
properly discharged during part of
the time that the grid of the 6C5
swings in a positive direction. Re-
sitor B should have a very large
resistance value compared to the
impedance of the 6C5 and the drive
coil. The 6C5 should be biased to, or
near, plate current cutoff.

The action of the circuit is as fol-
lows: When the tuning fork is in
vibration a voltage is generated in
the pickup coil. This voltage, am-
plified by the 6J7, swings the grid of
the 6C5. When the grid of this tube
is positive the condenser A dis-
charges through the tube and
through the drive coil. Thus the fork
receives a drive impulse. The power
of the drive impulse is dependent
only on the capacity of the condenser
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and the voltage to which it is
charged. As the grid voltage of the
6C5 falls back in a negative direc-
tion the condenser charges through
resistor B. In this way a constant
quantity of energy is delivered to
the drive coil during each half cycle
of vibration.

The action of the amplifier is such
that the 6C5 acts as a trigger for the
condenser charge and it would oper-
ate as well if a gaseous discharge
tube such as the 884 were substi-
tuted for the 6C5.

This circuit is much less affected
by varying line voltages than is an
ordinary amplifier circuit. This is
because the line voltage influences
the driving power only in such a
way that it increases the charging
voltage of condenser A. The change
of the amplication constant of the
6C5, which in an ordinary circuit
would cause a reactive build-up, has
no effect on the driving power in this
circuit.

A line voltage change of ten per
cent caused a change of the fre-
quency of the fork of about one part
per million. By using a neon-lamp
voltage regulator, the plate voltage
variations and the frequency changes
are considerably decreased.

In order to determine whether
temperature would influence the fre-
quency of the generator, several fork
units (including the amplifiers) were
placed in a temperature controlled
chamber and the frequencies of the
various units were measured at dif-
ferent temperatures from fifteen de-
grees C. to 55 degrees C. The change
of frequency for this entire temper-
ature range was less than one part
per million in most of the tests and
never as high as two parts per
million.

Methods of Checking

Most of the tests were made by
exciting one pair of plates of a
cathode ray oscilloscope by the fre-
quency of a standard fork and the
other pair of plates by the output
voltage from the fork unit under
test. Several forks accurate within
a few parts in ten million were avail-
able. A 3600 cycle fork unit was
used as a standard most of the time,
because the checking against a high
frequency source gives speedier re-
sults than checking against a low
frequency fork. A drift of one “wave
space” of the oscilloscope pattern in
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one minute when a frequency of 60
cycles is compared with a frequency
of 3600 cycles represents a fre-
quency drift of one part in 216,000.
By using a graded screen in front
of the pattern a fraction of a wave
space drift could be estimated.
Another method of checking was
the use of a graded stroboscopic dial
operated by a synchronous motor
driven by the output current of one
fork unit. A neon lamp mounted
under the dial was operated through
a cam mechanism operated by the
output current of another fork unit.
In order to check the standards
one 440 cycle fork and one 1000

Fig. 2—The change
of frequency of a
tuning fork is very
rapid during the
first few days of
operation and
gradually tapers off

cycle fork were driven as slave forks
by the Bureau of Standards fre-
quency transmissions and then the
standards were checked against
these slave forks which would keep
exactly the frequency of the trans-
mitted signal. The 1000 cycle signal
always came in very well through the
radio receiver. The 440 cycle signal
was very poor most of the time, but
it was on nearly all day so there was
nearly always a chance of getting a
check every day.

Clocks were run from several 60
cycle forks, so that the frequency of
these forks could be checked against
the time signals.

Most of the tests described in this
paper would give fairly accurate re-
sults even if considerable errors had
been made in the checkings. For ex-
ample, at the temperature tests the
temperature was changed 30 degrees
C. or more; thus if an error as great
as one part in 100,000 were made in
a checking, the error in the temper-
ature coefficient measured would be
only one part in three million per
degree C.
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It was found that the magnetic
fields of the pickup magnets and the
drive magnets have a considerable
influence on the temperature coeffi-
cient of a tuning fork. Bringing the
magnets closer to the tines of the
fork or increasing the strength of
the magnets changes the tempera-
ture coefficient in a positive direc-
tion. This causes the temperature
coefficient to vary with the ampli-
tude of the fork. Thus a negative
temperature coefficient in a fork will
decrease with increased amplitude,
whereas the reverse is true with a
positive coefficient.

In commercial use it is sometimes

desirable to vary the frequency over

a considerable range. This can be
done by changing the amplitude of
the forks by means of a rheostat
either in series or in parallel with
the driving coil. In most cases the
amplitude variations of the fork,
even with allowance for some fre-
quency adjustment, can be kept so
low that the change of the temper-
ature coefficient is of little impor-
tance. However, this effect of the
pickup and driving magnets and the
amplitude of the fork seems to make
it impractical to supply a fork with
a very low temperature -coefficient
separate from its amplifier and driv-
ing system. The final temperature
coefficient should be given of the
fork, properly aged, mounted with
its magnet system, driven at a cer-
tain amplitude by a certain amplifier.

Effect of Changes of Atmospheric
Pressure

In order to determine the effects
of changes of the atmospheric pres-
sure on the frequency of a tuning
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Fig. 3—The temperature coefficient of the tuning fork and its associated drive unit,
pictured above, is of the order of one part per million per degree C

fork the complete fork units were
placed in an airtight box which was
then partly evacuated. It was found
that the frequency increased 24 parts
in 100,000,000 per millimeter de-
crease in the atmospheric pressure.

The pressure was changed from
normal atmospheric pressure (760
millimeters) to 150 millimeters less
than normal and measurements were
made at intermediate points.

For this range of atmospheric
pressure and at the various ampli-
tudes of the forks tested the fre-
quency changes are linear with the
changes of pressure and independent
of the frequency and of the ampli-
tude of the forks.

Low frequency forks are greatly
influenced by the position of the tines
as referred to the horizontal plane;
for high frequency forks the influ-
ence of the position of the tines to
the horizontal plane is small. A 60
cycle fork was adjusted to zero rate
with its tines parallel to the hori-
zontal plane. Then the position of
the fork was changed gradually to
the vertical and measurements were
made at various angles.

Effect of‘ Pogition With Respect to
the Horizontal Plane

It was found that the total change
of frequency from the horizontal to
the vertical position was —0.0002763.
It was also found that the change of
frequency for any angle of the tines
counted from the horizontal plane
equals the maximum change (in this
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case 0.0002763) times the sine of
the angle.

A deflection of two degrees from
the horizontal causes a change of
frequency nearly as large as that
caused by a deflection of fifteen de-
grees from the vertical plane. This
shows that a fork should be mounted
in a vertical position whenever prac-
ticable.

Rotating the fork around its
longitudinal axis showed no effect
on the frequency. This appears self-
evident when the tines are mounted
in a vertical position, but it also
holds true when the tines are
mounted horizontally.

Effect of aging on frequency

It was found that the frequency
of steel forks as well as of alloy
forks increases with time. This proc-
ess is called aging. Two kinds of
steel and three kinds of elinvar alloy
were used in the forks tested. The
difference in aging of the forks made
from these five kinds of material was
not enough to be clearly determined.
The frequency of the steel forks
seemed to settle down to its final
value somewhat sooner than the fre-
quency of the alloy forks, but the
difference was not enough to warrant
the use of steel for making of tuning
forks. It is of theoretical interest,
however, to know that the frequency
of a steel fork increases with age as
well as that of an alloy fork.

An aging process will take place
whether the fork is in operation or
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not, but it is much faster when the
fork is in vibration and it is be-
lieved that no matter how long a
fork has been stored after it was
made, it will age considerably when
put in operation. After a fork has
been sufficiently aged in operation it
will either not change at all in fre-
quency or by an insignificant amount
while in storage. The same seems to
be true of a fork in operation as
long as the amplitude is not in-
creased.

When a fork is first put in opera-
tion its frequency will increase at
a considerable rate at first and the
rate of increase will gradually drop
to an negligible amount.

The curve illustrated shows the
rate of a fork from the first day in
operation to the 25th day in opera-
tion. The increase in rate for the
first day was 35 parts per million
and for the 25th day it was about
one part per million. During the
following months few measure-
ments were made until the sixth
month when careful measurements
were resumed. During this month
no increase in rate was observed.
Then this fork was kept idle (not
running) for a month, and when it
was put in operation again (eight
months after it was first started) it
had the same rate as it had when it
was shut off at the end of six months’
running.

This fork has now been in con-
stant operation for nearly two years,
and no increase in rate that can be
definitely attributed to aging of the
fork has been measured. The in-
crease in rate from any and all
causes is known to be less than ten
parts per million for one and a half
years.

A fork that had been run for a
month from the time it was first put
in operation was put in storage. It
was run for a day or two every four
months. The increase in frequency
at each of three tests was about six
parts per million. This test shows
that a fork that is not aged while in
operation will age slowly while at
rest. Tests show that if the ampli-
tude of a perfectly aged fork is in-
creased it will start to age again to
a lesser degree. If an aged fork is
heat treated the aging will start all
over, but it seems to reach an equili-
brium sooner than it would if it kad
not been run at all. The amount and
the time of the aging depends on
the heat treatment it was given.
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DIFFERENTIAL
MODULATION METER

By VERNE V. GUNSOLLEY

HE customary form of modu-

lation meter when reduced to
its simplest terms is little other than
an ordinary level indicator that has
been definitely calibrated under
fixed operating conditions to read
the percentage modulation predeter-
mined by measurement. In such a
meter no provision is made for a
change in carrier strength and so
such a level indicator is valueless
when used on any other carrier
wave, the relative amplitude of
which is undetermined.

The principle on which the differ-
ential meter is based is as follows:
If, as shown in Fig. 1, the grid is re-
turned to the center of the resistor
R, the bias on the triode, and conse-
quently the indication of the meter
M, will be purely a function of the
bias and plate voltage. If, with con-
ditions remaining as in Fig. 1, we
now insert a negative voltage in the
left end of the resistor R as shown
in Fig. 2, the potential on the grid
relative to ground will be one half
the applied voltage and this bias
will cause the meter to indicate a
lower plate current. Further, with
conditions as shown in Fig. 2, if
an equal positive voltage is applied
to the right end of the resistor, the
voltage of the grid return will be
restored to zero, as in Fig. 1, and
the meter will have its original in-
dication restored. It is upon this
differential principle that the mod-
ulation meter to be described is
based.

We may apply the negative bias
to the left end of resistor R in Fig.
3, from the diodes of an r-f rectifier
in a conventional receiver as shown
in Fig. 4. In such event the arrival
of a carrier alone, without modula-
tion, would cause the 6H6 to deliver
negative bias to the left end of the
resistor and so reduce the indica-
tion of the modulation meter.

On the other hand, we can pro-
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Ilustration of the principle of the
ditferential modulation meter. Fig. 1
—Top. both ends of the resistor are
grounded and the grid bias is zero.
Fig, 2—Center, a negative voltage
is applied to the left end of the
resistor and the bias is one-half the

applied value. Fig. 3—Bottom, a

positive voltage is applied to the

right end of the resistor and the
bias is returned to zero

duce the positive bias on the right
end of the resistor as in Figs. 3 and
4, by applying the rectified audio
component of the modulated carrier.

The circuit shown in Fig. 4 is a
schematic diagram of the differential
principle involved, which is based on
the fact that for any given percent-
age of modulation there is a defi-
nite relation between the r-f com-
ponent and the a-f component; that
is, at 100 per cent modulation, the
a-f component is equal to the r-f
component; at 50 per cent modula-
tion the a-f component is half of
the r-f component, etc. Thus when
a 100 per cent modulated carrier is
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impressed upon the r-f rec@iﬁer, and
the circuit componentsof Fig. 4 are
properly chosen to ‘comipensate for
various indetermipéte losses in rec-
tification, the- positive voltage ap-
plied to 'the right end of resistor R
by the audio rectifier will be equal
to the negative voltage applied to
the left end by thé r-f rectifier, the
differential will be zero, and the
modulation meter in the plate cir-
cuit of the triode will not change
its indication from that correspond-
ing to Fig. 1, or that shown in Fig.
3; that is to say, 100 per cent modu-
lation on the meter face corresponds
to the position of no signal.

It follows, therefore, that if only
the carrier is impressed on the re-
ceiver, the differential will be maxi-
mum, and the meter indication will
decrease a maximum, due to the
negative bias supplied to resistor E.
Therefore, we calibrate the meter at
this point as for zero per cent modu-
lation.

When the carrier is modulated
100 per cent, the positive bias de-
livered to the resistor, R, by the
audio rectifier cancels the negative
bias and restores the meter reading
to 100 per cent, and this point is
calibrated as being 100 per cent
modulation. With the carrier level
maintained constant, various per-
centages of modulation are then im-
pressed upon it and the meter cali-
brated accordingly.

It is obvious from the foregoing
that any change in carrier strength
will change the zero per cent point
on the meter scale, but will not
change the point corresponding to
100 per cent modulation; since it
coincides with the point of zero
signal. A fading of the signal, there-
fore, only serves to compress the
scale on the zero end, while an in-
creasing of the signal causes it to
expand. To be able to use such a
monitor on various carriers, there-
fore, it becomes necessary to intro-
duce automatic volume control to
such a degree as will hold the zero
point reasonably steady.
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Fig. 4—Schematic diagram of the differential modulation meter.

The outputs

of the r-f and a-f rectifiers are applied to the opposite ends of the resistor R

Since fading does not change the
calibration point indicating 100 per
cent modulation, and since it does
not appreciably affect the accuracy
of calibration on values above 50
per cent, and further, since on
rapidly varying modulation the
pointer of the meter can indicate the
instantaneous modulation only ap-
proximately, the practical value of
the meter for indicating modulation
values between 50 per cent and 100
per cent is not impaired by the
usual extreme variations of carrier
strength that can be leveled by the
conventional a-v-c.

In the circuit diagram of the
complete modulation monitor, shown
in Fig. 6, the meter used has an 0-1
ma range; that is, an 0-1000pa
range. With the monitor set up for
regular operation and connected to
the final i-f stage of a type HRO
communication receiver, the signal
strength from a modulated oscillator
was varied from R3 to R12, by steps,
and the following readings taken:

Per cent Zero-

Signal ' Meter

Strength Reading Error
R3 480 pa 57.
R4 190 pa 57.7
RS 160 pa 114
R6 125 pa 6.43
R7 100 pa 2.9
R8 80 pa 0.
R9 65 na 2.1
R10 40 pa 5.7
R11 20 pa 8.6
R12 0 na 114

(Note: At 50 per cent modulation the per-
centage of error is 12 the values given
above, and at 100 per cent modulation the
error is zero.)

A study of these readings shows
plainly that the a-v-¢ circuit lost
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control somewhere between the R4
and the R5 signal. The important
thing to note ig that there is negli-
gible shift in the zero modulation
point between an R6 and an R12
signal; that is, a negligible shift
either way from the average signal
of R8 at which the monitor is cali-
brated.

When the monitor is permanently
connected into the final i-f stage of
the receiver, and the i-f stage re-

aligned to offset any slight detuning
that may occur, the i-f stages of the
monitor are tuned to the same fre-
quency as those of the receiver, and
all other adjustments made.

These adjustments are not inde-
pendent, so the initial set-up of the
monitor needs to be carefully made
in order that the various functions
may operate in the middle of their
ranges when operating on an aver-
age signal of the same strength as
that at which the meter was cali-
brated; in this case R8. When this
is done, the meter will handle a
maximum of signal variation either
way from the average.

The procedure is as follows:
First; when a signal of average
strength, (R8), arrives at the grid
of the first i-f amplifier, V, in Fig.
6, it is amplified in the conventional
manner and passed on through Vi,
to V,, where it meets with full-wave
rectification. Full-wave rectification
is chosen for obvious reasons.

The i-f is filtered from the recti-
fied carrier in the usual manner and
the audio component passed to both
P, and P, which are in parallel,
while the d-¢c component is freed of
audio components by the audio filter
and supplied to P,. This puts nega-
tive bias on the grids of V, and V,,
thereby making V, inoperable, and

Fig. 5—The differential modulation meter in use at
the controls of WI9BRK, contained in the center panel
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Fig. 6—Circuit diagram of the complete modulation monitor. It is connected to the final i-f

stage of a receiver.

For measuring a transmitted signal, the 5000-ohm portion of the V,

cathode resistor is cut in and the plate and screen circuits of V. are closed

causing the pointer of the meter in
the plate circuit of V., to fall back to
0 per cent modulation (provided the
carrier is unmodulated).

With the monitor operating in
this condition, the potentiometer
P, is adjusted so that when the sig-
nal is modulated 100 per cent, the
output of the full-wave audio recti-
fier V; will just cancel the output
of the i-f rectifier, V.. This can be
done by increasing the drive on the
Vo grid, by the use of P, until the
meter of V,; goes back to the posi-
tion it had before the signal was im-
pressed on the monitor. This is the
point of 100 per cent modulation.
Various percentages of modulation
may be given the carrier and the
differential of the two rectifier out-
puts will operate the plate meter of
Vs proportionately, and the meter
may be calibrated accordingly.

As P; is turned toward the left
end, the capacitor C, becomes more
effective on the grid of V,, tending
to smooth the rectified audio waves,
and thereby to integrate the audio
power in the carrier. Turning the
control to the right end will, there-
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fore, cause the meter to indicate
more alertly the peaks of audio
power, and thus show the instantan-
eous values of modulation percent-
age.

The percentage of modulation at
which the type 884 thyratron fires,
and causes the neon tube to flash, is
determined by the setting of the
potentiometer, P,. For 100 per cent
modulation it is set so that the neon
bulb flashes, or is on the verge of
flashing when no signal is on the
monitor; that is, when the meter is
indicating 100 per cent modulation.
If desired, the control may be
equipped with a calibrated dial, so
that it may be set to flash on peaks
of any desired percentage. When
thus set to 80 per cent or 90 per cent,
the operator is forewarned against
peaks running into and over 100
per cent.

The a-v-¢ voltage must be ob-
tained from a separate rectifier, and
this purpose is served by V.. The
a-v-c voltage is supplied by the diode
connected to prong 5. In order not
to unbalance the i-f full-wave recti-
fier V,, prong 3 of V. is supplied
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with a dummy load equal to the load
imposed on the prong-5 diode by the
a-v-¢ network, 3 megohm.

When the monitor is operating
properly on reception, it is a rela-
tively simple matter to put it in op-
eration on transmission. When the
transmitting key is switched to the
“transmit” position, a relay cuts in
the 5000-ohm portion of the cathode
resistor in V, by opening, thereby
converting the first amplifier, V,,
into a first detector. At the same
time the relay closes the plate and
screen circuit of the 6J7 oscillator,
V., the frequency of which depends
upon what position the band switch
is set.

The band-switch is ganged with
the antenna gang-switch. The ad-
justable condensers in the antenna
gang, together with the potentio-
meter, P, are preset to give the
equivalent of an R8 signal to the
grid of V,, on each band. The oscil-
lator tuning condenser is equipped
with a ratio of 343-to-1 in order to
make correction of the warm-up
drift an easy procedure, not in the
least critical.
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R-F Power Measurement

A simple and direct method of measuring power independently of frequency, using a

diode rectifier and a wattmeter as the indicating instrument.

A thorough treatment of

the theory and practice involved, for direct and load-back methods

By P. M. HONNELL
The A. and M. College of Tezxas

MEROUS schemes for measur-
ing radio-frequency power out-
put are in common use, but none is
preeminently superior from the
standpoint of simplicity of appa-
ratus, ease of calibration or of mini-
mum high-frequency errors. As these
considerations are intimately de-
pendent upon the measurement fre-
quency, a technique inherently inde-
pendent of frequency is indicated.
Such a technique is made possible by
the application of thermionic diode
rectifiers to power measurements.
The circuit for the thermionic
rectifier determination of radio-fre-
quency power is shown in Fig. 1.
The output of the device under test
is converted to direct-current power
by the diode rectifier and dissipated
in the load resistance. The power
output is indicated directly by a
wattmeter. Since there is a small
power loss in the diode rectifier, pre-
cise measurements require a slight
correction of the wattmeter reading.
This correction can most conven-
iently be made by calibrating the
wattmeter directly at 60 cycles per
second, quite analogously to the sim-
ilar calibration of vacuum-tube volt-
meters at commercial frequencies.
Since it is usually necessary, par-
ticularly at high-frequencies, to util-
ize a suitable coupling line between
the transmitter under test and the
power measuring rectifier, a tuned
circuit for impedance transformation
is highly advantageous. A suitable
rectifier circuit, together with a
diode peak voltmeter, is shown in
Fig. 2. The tuned circuit shown in
this figure should be resonant to the
radio-frequency of measurement.
Desirable features introduced by
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Experimental equipment used in checking the method on a prac-
tical basis, using a 25-watt oscillator as the power source

the tuned circuit, in addition to im-
pedance transformation, are: the
suppression of all voltages differing
appreciably from the carrier fre-
quency, and the possibility of in-
creasing the power rectification effi-
ciency by making feasible higher
ratios of R,/R, for a given power
output. A further consideration in-
volves the fundamental assumption
of linearity of the ¢,-e, characteristic
of the rectifier. Considerable experi-
mental data obtained to confirm the
theoretical power rectification effici-
ency at 60 cycles per second—making
possible the actual measurement of
both input power and rectified power
with low-frequency instruments —
showed that the least error results
when the peak rectifier anode cur-
rent is well up in the linear range of
the <¢,-e, characteristics. Observed
discrepancies between measured and
calculated rectification efficiencies
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were less than five per cent under
these circumstances. This again in-
dicates the desirability of high volt-
age—and resulting high peak cur-
rent—operation, which is made pos-
sible by the voltage transformation
introduced by the tuned circuit.

The peak radio frequency voltages
applied to the rectifier can be meas-
ured with a diode-type vacuum tube
voltmeter which is also illustrated in
Fig. 2. Although not recommended
by manufacturer’s ratings, a type
6H6 diode can be pressed into serv-
ice and will function quite well with
peak input voltages of five hundred
to one thousand volts.

Radio-Frequency Loading-Back Test
Methods

The cost of electric energy for

testing power apparatus of high
ratings often justifies the use of load-
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Fig. 1—Fundamental circuit of recti-
fier for measurement of r-f power
using direct current instruments
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Fig. 3—Block diagram of loading-
back circuit

ing-back circuits. In these circuits,
a pair of machines are connected in
such a manner that there is an inter-
change of power between them suffi-
cient to load each apparatus to the
desired level; at the same time, the
net energy consumed is only that re-
quired to supply losses in both ma-
chines. Similarly, the difficulties of
testing high-power radio transmit-
ters, or other sources of radio-fre-
quency power, are in a large measure
due to the facilities required for the
dissipation of the power output, to
say nothing of its measurement.
Loading-back circuits functioning at
radio frequencies are made feasible
by the rectifier method of measuring
power, and offer definite advantages.

Before discussing actual circuits
it is interesting to consider the flow
of power in possible loading-back
circuits. This is indicated by the
block diagram of Fig. 3 which shows
that the power from the anode B sup-
ply flows through the transmitter
or oscillator under test where it is
converted to radio-frequency power,
then through the power measuring
rectifier which converts it to direct
current; thence the power is looped
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back to the anode B supply of the
transmitter.

If we denote by ¢ the ratio of
power output to power input of the
transmitter under test, we have

Pgrr
€= 5, (1)

where P, is the total direct-current
power input to the plates of the out-
put stage of the transmitter, and
P, is its radio-frequency power out-
put. The total plate power input to
the last stage of the transmitter un-
der test, P,, is the sum of the power
from the measuring rectifier P,
and the B supply, P,. That is,

PP=PB+PReu- (2)
The power rectification efficiency of

the measuring rectifier =, is defined
as before, namely,

- PR!C‘ - PDC
T TPar | Pac’ @)

From (1), (2) and (8) it is a
simple matter to show that

P, = Py 4)

€ =
PkP—l_nepu. (O)

Thus we see from (4) that when-
ever the product +e > 0, the power
through the transmitter actually ex-
ceeds the power furnished by the B
supply. Likewise equation (5) shows
that if (, + 1) > 1/¢, the radio-fre-
quency power output of the trans-
mitter will exceed the power supplied
to the entire system by the B supply.

Loading-Back Circuits

There are two fundamental load-
ing-back circuits: the series and the
parallel, the designation indicating
the disposition of the anode supply
circuit. The series loading-back cir-
cuit has the B supply, measuring
rectifier output, and transmitter
plate input connected in series and
the parallel loading-back circuit has
the B supply source, the measuring
rectifier output and the transmitter
plate circuit in parallel.

Experimental Results

As an example of loading-back
methods the table summarizes the
results of such tests. Data were
obtained with type 5Z3 and 80 power
measuring rectifiers in both the
series and parallel loading-back cir-
cuits. The transmitter utilized a
Type 830B tube as a neutralized Class

5
www americanradiohistorv com

Fig. 4—Voltage and current rela-

tionships in the rectifier. © repre-

sents the time of current flow in the
rectifier

C radio-frequency amplifier. The op-
eration of the transmitter was found
to be quite normal; no instabilities
or spurious oscillations of any sort
could be detected.

The ratio of P,/P,, Equation (4),
shows that the plate power input ex-
ceeded the B supply power by fac-
tors ranging from 1.52 to 1.85, de-
pending upon the adjustments. In
other words, the input to the trans-
mitter actually exceeded the power
from the B supply by fifty to eighty
per cent.

This shows clearly the savings in
energy costs made possible by load-
ing-back circuits. Furthermore, the
radio-frequency power outputs are
accurately measurable. Thus the
radio-frequency loading-back circuits
parallel the performance and exhibit
the same advantages presented by
their low-frequency counterpart.

Theory of Operation

Many thermionic rectifiers exhibit
a linear relation between anode volt-
age and current in their useful op-
erating range—types 5Z3 and 80 are
examples for smaller tubes—except
for the small curvature of the char-
acteristic in the vicinity of the ori-
gin, which can usually be neglected.
Under such circumstances the power
conversion efficiency of a linear recti-
fier (and thus its loss) is computable
from the angular period of flow of
the diode space current pulse, which
is itself directly related to measur-
able quantities. It is therefore ad-
vantageous to derive the equations
of rectifier efficiency. At the same
time, a more fundamental under-
standing of the operation of the
power rectifier action is made evi-
dent.

The power output of a device un-
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der measurement by this method is

Pac = 222 ®
n

where P, is the radio-frequency
power supplied by the source under
test, P,c is the rectified power in the
load resistance and =+, the power
rectification efficiency of the rectifier,
is defined as

PD('
Pic’

In the circuit diagram shown in
Fig. 1, the directions are positive for
current and voltage. The condenser
C is assumed as having no internal
loss and negligible reactance at the
operating frequency. The instanta-
neous applied radio-frequency volt-
age is E, cos wt. In the steady-
state, the rectified current I,, flow-
ing through the load resistance R,
produces a constant bias on the tube
which acts as an equivalent electro-
motive force E,¢ in opposition to the
positive cycle of the applied sinu-

)

n =
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soidal alternating voltage E,,. This
follows from the fact that the con-
denser C is assumed as having zero
reactance. At radio frequencies the
reactance of a 0.01 to 0.05 pf con-
denser will have but a small fraction
of the magnitude of the rectifier
tube plate resistance. Consequently
the diode plate current i, flows in
pulses during the fraction of the
positive half cycle during which the
applied alternating voltage E,. ex-
ceeds the equivalent biasing voltage
E,.. These relations are depicted
graphically in the usual manner in
Fig. 6.

The space current-plate voltage
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Fig. 7—Theoretical curve of the

power rectification efficiency versus

the ratio of the rectifier load re-

sistance to internal plate- resistance
of the rectifier

relation in a two-element tube hav-
ing a linear characteristic can be
expressed as,

€y

R, (8)

ip =

where i, is the instantaneous plate
current,

e, is the instantaneous positive
plate voltage

R, is the constant internal re-
sistance of the tube while conduct-
ing.

From Fig. 1 it is evident that the
numerator of (8), by Kirchoff’s law,
can be replaced by (E,. cos wt—
E,.). Equation (8) then reads

. E ccos wt — Enc
1’P= —_— - R )
P

9
and is valid when the numerator is
positive.

It now becomes advantageous to
express the period during which the
space current pulse flows—that is, §
—in general terms. This is done by
defining a numeric B, which is the
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fraction of the radio-frequency cycle
during which the rectifier space cur-

rent flows. Thus from Fig. 4 we
have
0
8= ﬂ': (10)

where 4 is the total angular peried in
radians during which the anode cur-
rent pulse flows.

Another important relation evi-
dent from Fig. 4 pertains to the in-
stant at which the space current
pulse just begins (or just ceases) to
flow. At this instant the applied

‘carrier voltage just equals the recti-

fied voltage, so that
Eic cos 0/2 = Epc,
or, by virtue of (10),

Esc

3V

= cos 8/2 = cos 7f.
AC

The input and rectified power can
now be obtained from (9), and the
efficiency v determined. To obtain
the rectified power we note that the
rectified load current I, is equal to
the average value of the current
pulse over a complete cycle; this is
obtained by integrating (9),

1 WHEACCOS wt—Encd
2 g R,
-

which yields

E.c . Enc
<R, [sm T3 Fac wB].

Substituting cos =3 for E,./E. by
virtue of (11), this can be written as

Inc =

wl,

Ipc =

Ipc = Fic [Sinwﬂ—wﬂcoswﬂ]. (12)
T,

The rectified direct-current power

output

Pnc= EpclIpec.

Substituting in this expression the
value of E,, from (11) and the value
of I,. from (12), we have after some
reduction

Pyec =

EA C2 .
o (sin 208 — 73 cos 273 1{1332)

The average alternating-current

power from the source under meas-
urement can be written as

1 [
Pic = —-/ ei dwl.
2w B

in which e = E, cos ot is the applied
voltage and 7 is identical with the
plate current 7, from (9). Substitut-
ing these equivalences we obtain

1 [
Pic = T/ (E4c cos wi)
A

Eic COS_wt — Eno) det
R, )
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Upon integration and evaluation of

limits, this expresion finally reduces
to

Eqc?

P =
4 ¢rR,

(w8 — sin 7B cos 7B). (14)

The power rectification efficiency
can therefore be obtained from the
ratio of (13) to (14). This funda-
mental ratio becomes, after simpli-
fication,

_ 2 gin 278 — 27 B cos 278 — 2B
U 278 — sin 278

(1)

It should be noted from equation
(15) that the power rectification
efficiency w is independent of both
the magnitude of the applied carrier
voltage and its frequency. This is in
accord with usual concepts, for it is
well known that the operation of rec-
tifiers is independent of frequency
up to the range in which electron-
transit time effects become impor-
tant.! This should be of the order of
twenty to thirty megacycles per sec-
ond for the smaller rectifier tubes.

The tacit assumption has been
made throughout that the applied
radio-frequency voltage is strictly
sinusoidal even in the presence of
current flow in short pulses of a
fraction of a cycle duration. This is,
however, entirely justifiable since
tuned-circuits are universally used
in radio-transmitters and other
sources of high-frequency energy.
Furthermore, it is most practical to
employ a tuned circuit at the power
measuring rectifier itself. The ap-
plied voltage will therefore in all
useful cases be sinusoidal to the re-
quired extent.

Application of Equation (15)

It is of course hardly practicable
to determine with sufficient accuracy
the rectification efficiency = by the
direct measurement of the fractional
period of flow of the space current
pulse at radio-frequencies. However,
two methods of solving for the flow
angle are possible from the funda-
mental relation of equation (11):
1. The most obvious method is to ac-
tually measure the rectified direct-
current voltage E,. appearing across
the load and the peak value of the
applied radio-frequency voltage. The
quotient of these two quantities, ac-
cording to (11), gives the cosine of
the angular period of flow, from
which B, and finally v, is readily ob-
tained. 2. The second method is

24

based upon the fact that the flow
angle is uniquely determined by the
ratio of the direct-current load re-
sistance to the resistance of the
thermionic rectifier, R,/R,.

Efficiency Based Upon E./E,,

Considering first the determina-
tion of the rectification efficiency by
the direct measurement of F,, and
E ., considerable simplification re-
sults if we plot v from equation (15)
not as a function of the fractional
period of flow B, but instead directly
as a function of the ratio E,¢/E.c.
This can be accomplished by means
of (11) and the graph of 7 in Fig. 5.
The resulting curve relating the effi-
ciency v as a function of the ratio
E./E,. is plotted in Fig. 6, and
shows the interesting fact that the
power rectification efficiency approx-
imates a linear function of the frac-
tional period of flow of the space
current pulse.

Since the peak value of the ap-
plied radio-frequency voltage can be
obtained by means of a vacuum-tube
voltmeter with nearly the same ac-
curacy® and almost the simplicity of
measurement of the direct-voltage
E,; across the load resistance, this
provides a most practical method of
determining the efficiency.

from equation (12), the relation

Ry Eic (sin 78 — 78 cos 7f8)
Eicm R,

is obtained. Solved for the ratio of
resistances, this gives

cosmf =

Ry

R,
While not solvable directly, B can be
obtained as a function of R./R, from
a graphical plot of (16). For our
purpose, it is more desirable to plot
the rectification efficiency = directly
as a function of R,/R,; this is again
accomplished graphically and leads
to Fig. 7.

The value of R, is easily deter-
mined while B, can be closely ap-
proximated from a plot of the i,-¢,
characteristic of the rectifier tube.
The corresponding power rectifica-
tion efficiency for a given rectifier
tube and load is then obtained from
Fig. 7. Finally, power output meas-
urements are corrected for this effi-
ciency by use of equation (6), as in
Method 1.

The equations leading to Fig. 9
are the theoretical justification for
the statement previously made that
the wattmeter could be calibrated at
60 cycles per second, since it is evi-
dent from these equations that the
efficiency can be expressed implicitly

_ T cos T
sinrB — wBcosmB’

(16)

TABLE OF RESULTS

Radio-Frequency Loading-Back Tests

Rectifier Pre Pyt
Tube P, P, Watts Watts
Type Watts Watts Computed Measured Py
Series Circuit
80 61 101 60 40 1.66
80 200 316 171 116 1.58
5Z3 65 119 71 54 1.83
523 108 196 116 88 1.81
Parallel Circuit
80 14 26 15 12 1.85
80 84 128 55 44 1.52
5Z3 13 24 13 11 1.85
523 100 172 86 72 1.72

The final result is obtained by
dividing the wattmeter reading P,
by the efficiency 7, as given by equa-
tion (6),

Ppe
_—

PAO= (6)

Efficiency Based Upon R,/R,

If we substitute I,.R, for E,; in
equation (11) we obtain

IncR1

cosmf = o '

and substituting for I,. its value
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in terms of the circuit resistances.
The calibration need be made only
for the several values of R, which it
may be desirable to use. For a valid
low-frequency calibration, the size of
the by-pass capacitance C must be
greatly increased over the value suit-
able for radio-frequency operation,
to insure that the reactance of the
condenser is negligibly small in
comparison to the rectifier tube
resistance.

% 2 Nergaard, L. 8., “Klectrical measure-
ments at less than two meters,” Proc. I.R.E.,
Vol. 24, pp. 1207-1229 ; September, (1936).

January 1940 — ELECTRONICS


www.americanradiohistory.com

KLYSTRONS

In operation at Stanford Univer-

sity. These tubes generate size-
able amounts of radio frequency
power at a wave length of ten
centimeters (3000 Mec). They
show great promise for the future
of very high frequencies

Receiver tube. Tuning (the range is aboul

9 to 11 c¢m) is accomplished by compressing

the thin walls of the resonating chambers

with the micrometer adjuster until the greatest
sensitivity is obtained

A neon lamp in contact with the radiating an-
tenna of the transmitting tube glows not with the
usual neon red, but with a weird reddish purple
which seems to be a characteristic color of such
ultra-high-frequency ionization

Transmitting tube., The antenna (projecting wires

above disc) is a half-wave dipole coupled to the

*catcher” rhumbatron (resonating chamber where
the electron groups deliver their energy)

wwWw americanradiohistorv com
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MULTI-WIRE

High-frequency antennas to which transmission lines of high impedance (of the order of

500 ohms) may be directly coupled, without the use of matching transformers, and which

use several wires in the dipole, are here described

HE single-wire half-wave doub-

let is a common form of short-
wave antenna. When operated at its
fundamental frequency there is a
maximum of current, or current
loop, at the center of the antenna
and a minimum of current at the
ends. The resistance, as measured
at the current loop point of this an-
tenna, is about 70 ohms when the
antenna is in free space. Thus, a
transmission line connecting a trans-
mitter to the current loop point of
a single-wire half-wave doublet
should have a characteristic imped-
ance of about 70 ohms if a minimum
of reflection on the line is desired.

A line of this relatively low char-
acteristic impedance may be con-
venient in some cases. In other
cases, a higher impedance line may
be preferable. Such lines, having a
characteristic impedance of 300 to
600 ohms and constructed of parallel
open wires, are commonly used in
short-wave practice. To terminate
such an open wire line at the cur-
rent loop point of a single-wire half-
wave doublet with a minimum of re-
flection requires the use of some
type of matching transformer.
Quarterwave transformers, building-
out sections, and delta matching sys-
tems are often used for this purpose.

This article describes a number
of new antennas of the multi-wire
type'. Three of the multi-wire
doublets discussed are one-half wave-
length long and a number of other
types both longer and shorter than
a half-wave are also treated. Sev-
eral of these antennas have terminal
resistances which are suitable for
the direct connection of an open
wire transmission line. For this
reason they may be more convenient
in certain cases in place of a single-
wire doublet which requires some

1J. D. Kraus, Multi-Wire Doublet Antennas,
Radio, No. 239, p. 24, May 1939 ; also Kadio,
No. 240, p. 21, June 1939.
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Fig. 1—Two, three and four wire

half-wave antennas. The instantane-

ous currents are in phase with each

other and their directions are indi-
cated by the arrows

form of matching transformer. The
transmission line terminals of all of
the types described are located at a
current loop point. Lindenblad® has
recently described a folded antenna,
which might be called a 2-wire
quarter-wave doublet, in which the
terminals are located at a current
node.

Multi-Wire Half-Wave Doublets

Figure 1 shows multi-wire half-
wave antennas employing two, three,
and four parallel in-phase wires. The
current distribution at a given in-
stant is indicated by the arrows on
the wires. The two-wire half-wave
doublet at ¢ consists of two parallel
closely-spaced half-wave wires con-
nected together at the ends. Very
small spacing d between the wires of
the order of 0.01 wavelength can be
used. With the antenna in free space

2N. E. Lindenblad, Television Transmit-
ting Antenna for Empire State Building,
RCA Review, vol. 3, no. 4, p. 400, April 1939.
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By JOHN D. KRAUS

wire, three-quarter

Fig. 2—Two
wave antenna (terminal resistance

450 ohms) and four-wire, three-
eighths wave antenna (terminal re-
sistance 230 ohms)

the feed point radiation resistance
is about 350 ohms. Thus, it is prac-
tical to connect an open wire trans-
mission line of this characteristic
impedance directly to the terminals
of the antenna and no matching
transformer is required.

By using a larger number of par-
allel in-phase half-wave wires the
feed point resistance can be further
increased. Thus, Figs. 1b and lc
show three- and four-wire half-wave
doublets which have terminal resis-
tances of approximately 875 and
1500 ohms respectively. It is not
practical to build open wire lines of
sufficiently high characteristic im-
pedance to directly match these
three- and four-wire doublets. How-
ever, these doublets can be applied
to beam antenna systems where an
increased feed point resistance is
desired. Several beam antenna sys-
tems using multi-wire doublets have
recently been described.®
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DIPOLE ANTENNAS

Although the feed point resistance
of the multi-wire doublets is much
higher than for the single-wire half-
wave doublet, the radiation char-
acteristics of both types are very
similar.

Additional Types

Another type of multi-wire an-
tenna called a two-wire three-quarter

Fig. 3—The length of the antenna

becomes more critical as the number

of wires is increased. Also., the
standing wave ratio increases

wave doublet is shown in Fig. 2a.
This antenna is approximately three-
quarters wavelength long overall.
The resistance at the terminals is
about 450 ohms with the antenna in
free space and thus, a 450-ohm
open-wire line can be directly con-
nected to the terminals of this an-
tenna.

Figure 2b shows a four-wire three-
eighths wave doublet. This antenna
has four parallel wires and is three-
eighths of a wavelength long over-
all. The terminal resistance is about
230 ohms when the antenna is in
free space.

Tests

Tests were made on the multi-wire
antennas described to determine the
effect of antenna length and fre-
quency on the impedance match of
the antenna to the transmission line.

3J. D. Kraus and II. E. Taylor, Compact-II
Beam Antenna, Radio, no. 242, g 1-%4, Oct.

1939 ; also J. D. Kraus, Twin lat-Top
Beam Antenna, Radio, no. 243, Nov. 1939.
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The standing waves on the transmis-
sion line were used as an indication
of the condition of match.

The measured variation in the
standing wave ratio versus length
of the antenna for the multi-wire
antennas described is given in Fig.
3. The lengths are plotted in terms
of the optimum length, that is, the
length resulting in the smallest
terminal reactance. The antennas
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Fig. 4—The standing wave ratio is

quite constant over the operating

range from 14.0 to 144 Mc. A
570 ohm line was used

Fig. 5—A three-eights wave vertical

antenna working against ground
and its total current distribution
curve

were tested in a horizontal position.
A frequency of about fourteen Mec
was used and the frequency, height
above ground and spacing between
the wires were maintained constant.
A 570-ohm transmission line was
used in each case and was connected
directly to the antenna terminals.
The optimum lengths expressed in
wavelengths for the various an-
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tennas were found to be approxi-
mately as follows: Two-wire half-
wave, 0.49 X; three-wire, 0.46 X;
four-wire, 0.47 i; two-wire three-
quarter wave, 0.71 x; and four-wire
three-eighths wave, 0.38 A.

Using these optimum lengths, the
variation of standing wave ratio
with frequency was measured. The
results are shown in Fig. 4. A 570-
ohm line was directly connected to
the antenna terminals in each case.
Some mismatch is to be expected for
certain of the antennas such as the
four-wire doublets. However, it is
significant that over the frequency
range measured (amateur 14.0 to
14.4 Mc band) the standing wave
ratios remained very constant.

In the frequency test all of the
antennas were suspended in a hori-
zontal position and at a height of
about 25 feet above ground except
the four-wire half-wave which was
about 30 feet above ground. The
height of an antenna above ground
has, of course, an important effect
on its terminal resistance and react-
ance.

The antennas were constructed of
number twelve (B. & S. gauge) wire
and the overall spacing d was of the
order of 0.015 wavelength or less.
Thus, for example, the two-wire
half-wave doublet designed for 14
Mc was 34 feet long and had a wire
spacing of one foot.

Three-Eighths Wave Vertical

Although the multi-wire antennas
described may be used in either a
horizontal or a vertical position, a
purely vertical type can be con-
structed by using one-half of the
two-wire three-quarter wave an-
tenna and working it against ground.
The arrangement for such an an-
tenna is shown in Fig. 5a. The total
current distribution (vector sum of
currents in both wires) is given in
Fig. 5b. The terminal resistance of
the antenna is about 250 ohms. An
interesting property of this antenna
is that due to the multi-wire con-
struction, a current distributian is
produced which is similar to that of
a vertical top-loaded single-conductor
antenna.
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By
ARTHUR W. SEAR

Armour Institute of Technology

HE use of vacuum tubes to in-
crease the sensitivity of portable
instruments in the measurement of
very small direct current potentials
has not been satisfactory due to
drift of the tube characteristics
which mask the effect of voltages be-
ing measured. In order to balance
direct current bridges and potentio-
meters with high precision it is
necessary to detect potential differ-
ences of a microvolt or less, and the
sensitive D’Arsonval type galvano-
meter has been used in this service.
The use of sensitive galvanometers
require a mounting which eliminates
vibration and the use of an optical

Transient voltages
and currents from a
direct current input

system to read the small deflections
which are obtained. The rather slow
response of sensitive instruments
consumes time and reduces the speed
with which measurements can be
made. This may be a serious handi-
cap in determining temperatures or
other measurements where changes
occur.

An amplifier with a portable gal-
vanometer of relatively low sensi-
tivity would obviate the use of spe-
cial mountings and speed up the
measurements. Right and left indi-
cation as the polarity of the direct
current potential reverses is neces-
sary for use in conjunction with
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The experimental model with which it is
possible to estimate the value of a resist-
ance to six significant figures

bridge and potentiometer measure-
ments.

The above requirements are met
in an amplifier and associated ap-
paratus which has been developed in
the communication laboratory of
Armour Institute of Technology. As
indicated in the circuit diagram, the
device consists of a high-gain ampli-
fier with a transformer input. The
input transformer has a low imped-
ance primary which is in series with
a motor driven switch. If a small
direct current potential is impressed
across the input terminals a tran-
sient current will flow in the pri-
mary when the motor driven switch
closes. The secondary voltage caused
by the current transient in the pri-
mary is amplified by the high-gain
amplifier and impressed on the grid
of the output tube. The switch in
the output circuit is closed at the
instant the input switch closes so
that a current impulse flows in the
galvanometer due to the voltage
transient. The switch in the output
circuit opens before the input switch.
Consequently, the combination recti-
fies a series of half wave impulses.
The transient which occurs when
the input switch opens could be used
instead. The current and voltage
waves are shown in the accompany-
ing diagram.

The speed at which the input
switch is operated depends somewhat
upon the time constant of the trans-
former circuit. The switch in the
output circuit should not open until
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FOR D-C GALVANOMETERS....

A means by which a vacuum tube amplifier may be used to increase the sensitivity of
portable instruments to such a degree that it is comparable with the sensitivity of a per-
manently mounted D’Arsonval galvanometer, with the speed of a less sensitive instrument
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Circuit diagram of amplifier and switches. The combination of the switches and the circuit
rectifies a series of half wave impulses to deflect the meter

the transient has passed and there
is no current flowing in the galvano-
meter circuit. Up to the limitation
of the time constant the output cur-
rent increases as the switching speed
increases.

In the experimental model shown
in the photograph, a direct current
potential of one-half microvolt, due
to the flow of fifty microamperes
through a standard resistance of one
hundredth of an ohm, produced a
deflection of two divisions on the
output galvanometer. The meter
used has a one milliampere move-
ment with zero center. The right
and left deflection of the galvano-
meter was symmetrical about the
zero position as the current through
the standard resistance was re-
versed. There was a shift of the zero
position of the galvanometer of ap-
proximately three divisions when
the motor was started caused by con-
tact potentials in the input circuit.
The use of a more sensitive galvano-
meter produced a greater deflection,
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but since the zero shift was also
greater, the increase in sensitivity
of the complete unit was not appre-
ciable.

A stable and quiet amplifier is
necessary in order to prevent flutter
of the galvanometer. The presence
of hum or noise in the amplifier pro-
duces a random shifting of the gal-
vanometer zero due to indiscriminate
rectification of noise currents by the
output switch. Since the magnetic
shielding in the experimental model
was inadequate, it was necessary to
place the motor some distance from
the amplifier to avoid magnetic pick-
up. Filtering in the output circuit
prevents vibration of the galvano-
meter pointer which would other-
wise result from the pulsations of
output current.

When using the unit to balance a
Leeds and Northrup Wheatstone
bridge the galvanometer deflection
due to change of the fifth dial, one
tenth ohm per step, was quite large.
When the tenth ohm dial was set at
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six the deflection was four divisions
to the right, and at seven the de-
flection was six divisions to the left,
so that it was possible to estimate
the value of the unknown resistance
to six significant figures by using the
relative deflection of the galvano-
meter. This was, of course, beyond
the guaranteed accuracy of the
bridge but it serves to illustrate the
sensitivity of the method. Under
the above conditions the reading of
the meter was immediate and read-
ings could be repeated.

With careful design and adequate
shielding of the amplifier, together
with input and output transformers
designed for the service, it appears
that a compact and portable unit can
be constructed which will be equal
in sensitivity to delicate and per-
manently mounted D’Arsonval type
galvanometers while retaining the
indication speed of the less sensitive
instruments. With slight modifica-
tion the device can be adapted for
use with contrel apparatus.
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Fig. 1—Venturi tube, in which the hydraulic
pressure at the throat is less than at other points

By JOSEPH M. WEINBERGER

HE fundamental device for the

measurement of flow of water in
pipes is the Venturi tube (Fig. 1).
This tube consists of a restricted
portion of pipe called the throat, a
short upstream reducer and a long
downstream increaser. A vertical
pipe or piezometer is inserted a
short distance upstream from the
short reducer and another piezo-
meter is inserted at the throat.
Under a condition of zero flow, water
will rise in the respective piezo-
meters and find a common level. As
the water begins to flow through the
Venturi tube, the levels of water in
the piezometers change, the level in
the upstream piezometer being
higher than that at the throat.

If a section of glass tubing, bent
into the shape of a U, (Fig. 2) be
partly filled with mercury and con-
nected to the piezometers so that the
mercury will move due to the dif-
ference in pressures in the piezo-
meters, the change of level of the
mercury from the zero flow position
in one leg of the U-tube will be pro-
portional to the quantity of water
flowing through the Venturi tube, or

Q=K VH........ 1)

Q is the quantity of water flowing
through the Venturi tube.

K is a constant depending on the
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Fig. 2—Mercury-filled U-tube, connected to the
throat an upstream point on the Venturi tube

Figs. 3 and 4—Vertical and horizontal sections of the maas-
uring unit. The height of the mercury column determines
the amount of light reaching the phototube

areas of throat and upstream sec-
tions, on the specific gravities of
mercury and water and on the accel-
eration of gravity.

H is the amount of displacement
of mercury from the zero flow posi-
tion.

The U-tube may be calibrated in
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cubic feet per second or, in large in-
stallations, gallons per 24 hours.
The meter as described could be
considered complete for visual read-
ing of flow at the U-tube. However,
to keep a permanent record at a re-
mote point of the rate of flow
throughout a period of time, some
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Fig. 5—The width of the reflector

varies so as to give a light beam

of uniform intensity through the
mercury column

means must be employed for con-
verting the displacement of mercury
or the difference of water pressures
in the two piezometers into a dis-
placement of a pen or stylus.

The device to be described is a
photoelectric means of recording a
continuously varying level of an
opaque (or semi-opaque) liquid in a
transparent tube as applied to the
measurement of the flow of water.

Figure 3 shows a longitudinal sec-
tion of the device which consists of
a light source, two opaque shields, a
reflector, a transparent tube or
manometer, a collector and a photo-
electric cell.

The function of the reflector is to
collect light from the source and
concentrate it in a narrow beam
along the axis of the manometer. In
the longitudinal section the reflector
has a parabolic shape with its focus
in the light source. Any ray of light
leaving the source will be reflected
in a horizontal plane parallel to the
axis of the parabola. An interesting
feature of the parabola is the fact
that all rays of light from the light
source, reflected toward and reach-
ing the manometer are of the same
length.

In a horizontal section, (Fig. 4)
the reflector is curved to concentrate
the light on the axis of the mano-
meter. The accuracy of this curva-
ture need not be very great for flow
measurements since the glass tube
will have a diameter of about one-
quarter inch.

The mercury in the manometer
will prevent all the light which im-
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pinges on it from reaching the col-
lector while the transparent portion
of the tube will allow the light to
pass through to the collecting re-
flector and thence to the photocell.

The opaque shields at the light
source and photocell prevent any but
the horizontal rays from reaching
the manometer tube.

If it is desired to make the band
of light at the manometer of uni-
form intensity throughout the length
of travel of the mercury level, it is
necessary for the reflector to inter-
cept a constant angle of light. This
means that the horizontal width of
the reflector must vary (Fig. 5)
gsince the reflector is at a varying
distance from the light source. The
chord width of the reflector (Fig. 6)
may be computed from the equation:

¥
c=2<—-+a>tan¢ ............... 2)
4a

where

o is the distance from the vertex
of the parabola to the focus.

y is the height of the mercury
column above the axis of the
parabola.

¢ is one-half the angle of light
intercepted by the reflector.

¢ is the chord width of the re-
flector.

Since the intensity of light at any
point on the manometer is a func-
tion of the angle ¢ a beam of vary-
ing intensity involves a varying
angle ¢, which may be computed by
equating ¢ to the quantity to be
measured and substituting in equa-
tion (2).

With the photocell connected
through a linear d-c amplifier to a
recording voltmeter, a permanent
record may be kept of the rate of
flow. A block diagram of the com-
plete unit is shown in Fig. 7.

When this device is used with a
constant angle ¢ for the measure-
ment of the flow of water, it will be
seen from equation (1) that the

Fig. 7—Block diagram of the elec-
tronic flow meter. An indicating or
recording meter may be used

Venburi tube

quantity of water varies as the
square root of the change in level of
the mercury column. This would re-
sult in a crowded scale at one end
of the voltmeter.

To eliminate the crowding of the
scale, (i.e., to have uniform spacing
on the meter) the width of the re-
flector must be so designed as to
intercept a varying angle of light
(¢) which will make the band of
light at the manometer varying in
intensity. The result will be that
H will vary as the square of the
photocell current and hence as the
square of @. Thus, Q will vary line-
arly with the photocell current and
the scale will be uniformly spaced.

The advantages of this system are
quite numerous. The use of a photo-
cell provides a practically friction-
less and inertialess means of meas-
urement with none of the attendant
losses inherent in mechanical ap-

paratus. The threshold of operation
is much lower than in any mechani-
cal system. The accuracy is de-
pendent only upon the electrical sys-
tem which may be kept within close
limits for long periods of time.

Fig. 6—Mathematical construction
diagram of the parabolic reflector
and collector

TECFUFIG
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TUBES AT WORK

A triple-condenser band-spread system, an
inductance measurement method, a volt-
age regulator of 5 amperes capacity, a
handy telephone set for the broadcast
engineer, and an electronic timing control

Calibrated Constant
Bandspread System

By Francis King

IN SHORT WAVE AND communications
types of radio receivers, many devices,
both mechanical and electrical have
been resorted to, to obtain a satisfac-
tory solution to the problem of sep-
arating signals. Generally the result
has been, that a tuning device has been
used in conjunction with the main
tuning system to obtain the desired
band spreading. The usual electrical
system heretofore developed produces
unequal band spreading over several
different bands or for that matter over
different portions of the same band.

As an example consider LC circuits
which will cover the amateur communi-
cation bands, such as the 3500 to 4000
kilocycle band and the 7000 to 7300
kilocycle band. For our purpose a 12.5
ph inductance is chosen and capacity
of 126.4 wuuf will make a LC circuit
resonant at 4000 kilocycles. Leaving
these units at these values, if we wish
to bring the circuit to resonance at
3500 ke we will have to add parallel
capacity to the value of 38.6 uuf which
gives a total of 165 uuf. The 38.6 uuf
parallel capacity will be the band-
spread value for that tuning con-
denser.

quency, with the band set at 7300 ke,
the addition of the 38.6 uuf will reduce
the resonant frequency to 5140 ke
and the desired 500 ke spread will
cover less than one-fourth of the
bandspread dial.

In answer to this problem, a variable
condenser unit or group has been de-
veloped as shown schematically in
Fig. 2. There are three variable con-

—
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Thousand Kc

15 30 45 60 75 90 105 120 135 150 165 180
pauf

Fig. 1—Typical variation of band.
spread range with frequency

Using the same inductance and de-
siring to tune to 7300 ke, the total
capacity must be reduced to 38 uuf for
resonance. However we note that if
we wish to have a band spread of 500
ke as was the case in the foregoing
case it is necesary only to increase
the total capacity 5.5 uuf, raising it to
43.5 uuf for resonance at 6300 ke giv-
ing equivalent bandspread over slightly
more than the “forty meter” band.
Hence, 38.6 uuf variation of capacity
gives 500 ke change in frequency on the
first band while only 5.5 uuf variation
of capacity gives the same amount of
frequency change on the latter band.

If the original 38.6 uuf variable con-
denser is used on this higher fre-

32

2—Series-parallel method of
insure constant band-
spread

Fig.
tuning to

densers in the tuning unit for one LC
circuit, designated as C,, C, and C..
The capacity is, in effect a lump ca-
pacity for tuning to resonance, de-
pendent upon the setting of the ca-
pacity values. Condensers C, and C,
are mounted tandem, but could be
mounted in any other manner whereby
both can be turned and tuned to-
gether. C, is separately mounted or
may be mounted on the side of the
C,C, unit, so that it may be adjusted
independently from C,C,, which is the
main tuning or band set condenser.
C; is actually the main tuning con-
denser and C, is the “equalizing” ca-
pacity and is in series with C, and both
are parallel to C,. C, is the band-
spreading condenser and may be cali-
brated directly in terms of frequency
or may be in units of rotation, de-
grees, etc.

When C, is tuned to decrease its ca-
pacity and increase frequency, C, also
turns with it in a like manner and also
reduces in capacity and therefore since
it is in series with C,, the bandspread
condenser the total bandspread capac-
ity is reduced proportionately and gives
equivalent spread for all frequencies.

If the plates are properly shaped, the
series value of C, and C, will always
be such, that no matter what fre-
quency is tuned to, whether high or
low on any band, the bandspread will
always be the same. If the bandspread
dial is calibrated in kilocycles it would
add algebraically to the frequency
reading, on the band set dial and the

Wwww americanradiohistorv com

value of such a system is obvious. In
such devices as wavemeters, frequency
meters and on receivers it will be most
convenient.

=3

L]

|
|

Thousand K¢

7

36 45 60 715 90 105

Fig. 3—Values of C, required for
constant 500-kc bandspread

Fig. 3 shows a graph on which is
plotted a curve giving series value
of C, for the above bands, to obtain
500 ke bandspread, with the 12.5 xh
inductance.

Measurement of Incremental
Inductance
By H. D. SHORT

THE INDUCTANCE OF AN iron-cored filter
choke coil or audio transformer through
which a direct current and a super-

posed alternating current flow is
called the incremental inductance.
This incremental inductance varies,

for a given core material, with the
value of the direct current component
flowing through the coil and the mag-
nitude of the air gap employed in the
core. It is quite well understood, of
course, that different core materials
possess different core and hysteresis
losses and hence affect, to a marked
degree, the incremental inductance of a
particular coil.

Io

-

|

m
-}
A

L

Ec
[

T

Fig. 1—Basic series circuit used for
inductance measurement

Consider the circuit of Fig. 1 where
L. = inductance of choke coil, B = re-
sistance of choke coil, C == capacity in
series with L. In the vector diagram
(Fig. 2) the components are in polar
co-ordinates.

w L
R
s EL =IELIG"¢

Let ¢, = tan—!

and ¢c = tan-! l/0 = tan-! «
w(C

assuming C has a power factor = 0O
(Continued on page 38)
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A cINCH bracket is designed, and ready,

for just about every need. Over sixty styles and
sizes; fcr cables, bincing posts, dial light assemblies,
terminal strips . . .

Gene-aly supplied :n steel, cadmium plated, with
holes far standard 14" rivet. Whatever the purpose:
Remember, Hold Everything—and anything with a
CINCH bracket.

““Zinch” and Oak Raaio Socket; are licensed wnder H. H. Eby socket patents.

SUBSIDIZRY: JNITED-CARR FASTENER CORP., CAMBRIDGE, MASS.

2335 W. VAN BUREN STREEF, CHIGCAGO, ILLINGIS

MANUFAGTURING CORPORATION

e \
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The GL-880 and the GL-889-—high-
power water-cooled tubes for ultra-
high-frequency television and fre-
quency-modulation transmission—are
rated 25 and 10 kw output, re-
spectively. Full ratings apply at
frequencies up to 50 megacycles;
reduced ratings permit operation of
these tubes at well over 100 mega-

 These 27 Years

... G-E Leadership in Radio-Tube Design
Has Brought Many Major Advancements

Such as:
—thoriated tungsten filaments
—high-power water-cooled tubes
—the screen-grid tube
—hot-cathode mercury-vapor rectifiers

—metal tubes

Tubes built by General Electric have for years given
outstanding performance in every kind of application,
including broadcast service. G-E tubes are built by
highly skilled workmen, with modern machinery and

the latest manufacturing methods. Their uniformly
high quality assures you of getting the most for your
tube dollar—in dependability, in service life, and in

over-all economy of operation.

G-E warehouses, conveniently located, render prompt
service in all parts of the country.

Bulletin GEA-3315 lists the complete line, including
technical information and prices. Write for a copy, or get
one through your dealer. General Electric, Radio and
Television Departiment, Schenectady, N. Y.

GENERAL &2 ELECTRIC

34

900-22

January 1940 — ELECTRONICS

www americanradiohistorv com


www.americanradiohistory.com

Shunt-Peaking Compensation

A graphical method of determining the shunt inductance in the plate circuit of a wide-

band video amplifier, in terms of the resistance and capacitance present and the required

upper frequency limit. useful in television and similar applications

HE advent of television has
brought into considerable
inence the problem of wide-band am-
plifiers. Other fields such as facsimile,
transient phenomena amplifiers, ete,
however, find uses for wide-band am-
plifiers. Previous to the popularization
of television, little was published in
the way of design data for these am-
plifiers. The purpose of this chart is to
give design data so that wide-band
amplifiers having an upper cutoff fre-
quency from 0.15 to 15 Me may be de-
signed with the minimum amount of
time and effort.
Figure 1 shows the basic circuit used
for the computation of the chart data
and is the familiar, to television engi-

prom-

By WILLIAM H. FREEMAN

National Televigion and
Company

Manufacturing

the peaking inductance, L,, can be cal-
culated using the formula:
L, = 0.5CE?, (2)
These two formulas were used in
constructing the chart shown on the
reverse side of this sheet.
For best time delay characteristics
the formulas (1) and (2) should be
slightly different.

R, — 085 X, (3)
and
L, — 0.415 C R?, (4)

These equations, have the
disadvantage that the load resistor is

however,

Fig. 1—Basic shunt-peaking compensated amplifier circuit

neers at least, shunt-peaked circuit.
The capacity C is the sum of the out-
put capacity of tube V,, the input ca-
pacity of tube V, and the distributed
capacity of the wiring between the two
tubes.

In designing a wide-band amplifier
the cutoff frequency f is known. Next,
the shunt capacity is measured or esti-
mated, depending on the accuracy of
correction desired. Then, knowing the
shunt capacity and the cutoff fre-
quency, the value of R, can be found
from the formula;

1

R (1)

where f is the cutoff frequency. Next,

lower than in equations (1) and (2),
which means that the gain through a
single stage will be reduced about 15
per cent on all frequencies.

To use the chart, proceed in the fol-
lowing manner. First, decide on the
cutoff frequency. Second, measure or
in some way ascertain the shunt ca-
pacity. With these two values, locate
the corresponding point on the chart.
From this point, by following the
proper lines, the value of R, and of
L, can be found. For example, let
us assume some values for C, the shunt
capacity, and the cutoff frequency. Let
the value of C be 35 puf. and the cut-
off frequency be 3 Mc. From the point
on the chart we see that R, is 1500

o

ELECTRONICS REFERENCE SHEET
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ohms and L, is 40 microhenries.

The frequency range selected for the
chart, 0.15 to 15 Mc includes all video
frequencies with sufficient leeway on
the higher frequencies to permit its
use in special applications. At the
present, transformers can be had which
will give very excellent performance
up to 200,000 cps. However, the price
of these units sometimes limits their
use. Therefore, the limit of 0.15 Mec
was chosen to include uses which might
require the frequency range to hold out
to 0.2 Mc, but in which transformers
might either be too expensive or un-
desirable.

While the chart was originally made
to determine R, and L,, it may be used
in other ways. It will give directly
the reactance of condensers between
10 and 100 wuf at any frequency in the
range of the chart. Also, if any two
of the four values indicated on the
chart, R,, L,, C and frequency, are
known, the other two may be found.

The basis of the shunt-peaking com-
pensation system is the effect of the
tuned circuit formed by L, and C. The
resonant frequency of this combination
is chosen, in accordance with Egs. (1)
and (2), at a value 1.41 times the fre-
quency f to which uniform gain is re-
quired. At this resonant frequency the
combination L,-C being a parallel cir-
cuit tends to produce a high impedance
in the plate circuit of the tube and con-
sequently the gain of the stage is pro-
portionately increased. This increase
in gain offsets the loss in gain due to
the shunting effect of the shunt capaci-
tance C, and at the frequency f the
two effects just balance one another.

BIBLIOGRAPHY

Seeley and Kimball: Analysis and Design
of Video Amplifiers. RCA Review, Oct. 1937,
page 171,

Preisman : Some Notes on Video-Amplifier
Design., RCA Review, April 1938, paze 421.

Seeley and Kimball: Analysis and Design
of Video Amplifiers, Part II. RCA Review,
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Shunt-Peaking Compensation

By WILLIAM H. FREEMAN

National Television and

Manunfacturing

Company
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Insulators Can Take It

iR §EiTHER snow nor rami nor heat nor gleom of night
4 4

seays these couriers...” might well be suggested as a

slogan for Isolantit=* by manufacturers of radio and

television equipment who take advantage of its indiffer-
€nce to every conceivable type of severe weather.
Isolantite proves its qualities through daily use in
every. part of the wo:ld. And at General Electric’s Radio
Engineering Labora:ories. it is subjected to the extremes
of wz2ather encountered in military and commercal flying:
temperatures from tropic heat to sub-zero arctic cold
... barometric pressures fzom below sea level to those
found in the stratosphere. .. humidities from 0-100%—
all uader accurate control from an outside panel. Actual
servize conditions with adequa;e safety facrors are thus

applied to complete aircraft transmitters aad receivers.

Grueling Climatic Tests Prove Isolantite

Under these arduous conditicns, does Isolantite retain
all its advantages? Indeed it dees. While in these torture

v
chambers, it still maintains its unusually low dielectric
loss, high surface resistivity, and great mechanical
strength. All its characteristics as a superb insulator re-
mzin unimpaired.

This remarkable material is adaptable in many other
ways, too. New and precise farms and unusually-shaped
parts may be ecomomically manufactured to meet re-
quirements—whether in the widely used Isolantite body
or in iso-Q, a ceramic with still lower losses. The
Isolantite engineering staff, with long, specialized insula-
ticn experience, w:ll be glad to cooperate with you in
thzir design. For vour requirements in high-efficiency,

rugged and thrifty insulators, consult us at all times.

* Ragister=d Trade-name for the producis cf Isolantite, Inc.

ISOLANTITE INC., FACTORY: BELLEVILLE, NEW JERSEY

IANTITE

&

SALES OFFICE: 233 BROADWAY, NEW YORK, N. Y.
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The conciseness, characteristic of all Ward Leonard Relays, is due
to sound engineering and careful workmanship. The very attributes
that impart precision assure ruggedness and long life. Ward
Leonard Relays are made in a wide variety of sizes, types and
contact arrangements. Send for Bulletins describing relays of

interest to you.

LIST OF BULLETINS

Light Duty Relays Bulletin No. 106

Intermediate Duty Relays........... . Bulletin No. 81
Heavy Duty Relays........ Bulletins Nos. 131 and 132
Sensitive Relays.................... Bulletin No. 251

Time Delay Relays Bulletins Nos. 351 and 362

WARD LEONARD

ELECTRIC COMPANY

32 South Street Mount Vernon, N. Y.
Electric Control Devices Since 1892

Ward Leonard Electric Company, 32 South Street, Mount Vernon, N. Y.
Please send me Relay Bulletins Nos.. . ............................... .

www americanradiohistorv com
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S do 90°
hence Ec =|Ec| e 1%
the vector E, in polar co-ordinate form
is:
E, = IEol '8
=|E,|cos B — j|E,|sin 8
where | E,|cos 8 = I, R

and |E,|sin 8 = I, (.'J L — w_16'>
Hence: L = wE;o sin 8 + 210
and EI’: - cofﬂ
Then: L = ii :ions g+ wzlc

R 1

- tan 8 + = C

Using this equation the procedure to
be followed in ascertaining the incre-
mental inductance of a coil, which we
shall term coil (1), is to connect this
coil in parallel with an exactly similar
coil (2), as shown in Fig. 8. The bat-

E, - ELe‘w'-

Fig. 2—Vector diagram of circuit in
Fig. 1

tery supplies the direct current to
the two coils which flows through these
coils when under actual working con-
ditions. An alternating voltage E, is
applied to the circuit through two
blocking condensers, which should have
power factor angles not greater than
nine minutes to insure accuracy.
After measuring the direct current
resistance of the coils, they are con-
nected in the circuit and the direct
current voltage so adjusted that the
proper direct current flows through
them as indicated on meter (I,). By
means of the switch this meter is
cut out of the circuit and the voltage
E,, and current I, measured on the
meters E,, and I,, respectively.

(O—
NS

IAC.

Q
I,

|
Ry

+C2=C,

lde

—

vEAC

i}
c,=|oAf_l.
1

TR

Fig. 3—Working circuit diagram for
inductance measurement
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Use a metal that provides greater strength
and stiffness and also assures longer life

WHEN a spring persistently fails what do you do?
Replace it with a longer one or a spring of heavier
gauge? Here’s a way to overcome such difficulties. ..
and at the same time keep size of spring to a minimum:
Use “Z” Nickel*.

This material is a heat treatable alloy of 98% Nickel.
Its strength after heat treatment is 215 to 4 times that
of structural carbon steel. That is why “Z” Nickel
springs are so exceptionally strong and stiff for their
size and weight.

Because “Z"" Niclel is readily fabricated prior to heat treatment, it can
be readily formed into all manner of strong, stiff, long-life springs.

ELECTRONICS — January 1940

Equally important, “Z” Nickel springs retain their
strength. For “Z” Nickel cannot rust, and it stoutly
resists corrosion, also oxidation and scaling at high
temperatures. In addition, “Z” Nickel has good elec-
trical conduectivity.

Other Nickel-base alloys such as Monel* and “K”
Monel* also make excellent springs. Which to use de-
pends on individual requirements in each application.
In this connection INCO Technical Service is available
without cost or obligation. Fer help or further infor-
mation simply write to:

THE INTERNATIONAL NICKEL COMPANY, INC., 67 Wall St., New York, N. Y.

“ ’ ’ *“Monel’’ and other trade-marks
which have an asterisk associated

with them are trade-marks of The

International Nickel Campany, Inec.

] e 7
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“Feonait WALITY Products

PLATE-FILAMENT HIGH FIDELITY
TRANSFORMERS TRAMSFORMERS
i

High Efficiency. Low Regulation. Revers- Hum-Bucking Windinar. High Fideliny.
ible Mounting. Maximum Safety Factor. Evary. Unit Completaly Ravariible, Elac-
Conservation Design. Extremely Low Tem: trastatic Shialde between Windings,
perature Rise, Small. Light. Lew In ool

New ELECTRO STATIC

UM-F E
VOLTMETERS HUM-FREE TRANSFORMERS

Iamo current consumption. Readlag  frass
20 fa 25,000 walks,  AC. or DL wp-io Hum-bucking windings. High efficiency.
A 500 volts, Self combaloned avai-valbage Low regulation and jow case and copper
pratection,. 205" Diais.  Single, - Dual, losses. New completely reversible cases.
Triple Ramges. Moagnels  Dasping.

AIR-COOLED INDUSTRIAL
TRANSFORMERS

= e Y

AERD TRANSFORMERS

For Aircroft ond Pertoble Weark. Law

Far industrial applications. 1 V.A. to 10 Catl, Broad Feguascy response.  Excep:
K.V.A. Moade in many different types, tionolly lew Inserflon loss: Smell, cam-
either stondord or to suit your porticular pact-reclongilar  copes, with completely
requirements. Consult our Engineers. reversible moumfings,

1882

1940
[ ]

® You will be interested in the above
brief review of some of the more out-
standing Ferranti Quality Products . ..
among them you may find exactly the
answer to your specific problems ...
there are separate Bulletins ready on
each product . . . and remember, 'What

Ferranti Builds, Ferranti Builds Better’ IS
IN FERRANTI %

7‘)9'
YEARS OF PROGRESS

ORATED
ILDING

RECEIVED ORK, N.Y.
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Upon raising the direct current re-
sistance R, of coil 1 to R,,, the resis-
tance at the hot or “running” tempera-
ture we are able to find the inductance
of 1 coil, thus:

find cos 8 = %’—1
where I; = %

Knowing cos 8
tan {3 is known; also » = 2xnf is known,
and C, is known prior to measurement.
1
PETA
can be readily caleculated in henrys
when C, is in farads and R, in ohms.
By changing the direct current or
the air gap it is possible to determine
the variation of the incremental induc-
tance with either the direct current or
the air gap length held constant.
Example:—
Circuit set up as in Fig. 4.
4 Ry = 50 ohms at 40°C
Cr =10 pf
f =60 cycles
E, =124 volts
I, = 0.080 amps.

Hence: L; = R—mtan B+
w

w = 2760 = 377
_ i Rm __ 0.080 X 50 _
cos 8 = . 2% 124 0.0161
s B = 89° 05 < tan 8 = 62.499

i

R 1
hence L, = = tan 8 -+ -(;2—0*1

_ 50X 62499 1
=T B77)? X 10 X 10-¢

= 9.004 henrys

A 5-Ampere Electronic
D-C Regulator

By J. N. CoomBs & P. T. Nims

IN ANY TYPE OF PRECISE photoelectric
measuring device constancy of the light
source is of great importance. This is
especially true of the Cinema Inte-
graph’, developed at the Massachusetts
Institute of Technology by Professors
H. L. Hazen and G. S. Brown. The
machine is a device for integrating the
product of two functions by measuring
the quantity of light passing through
two masks representing the functions.
Any variation in the light source ap-
pears as a variation in the answer.
This is true even though the machine
is operated as a null device by bal-
ancing one light magnitude against
another, as the color temperatures of
the two lamps must remain constant if
the photocells are to give reproducible
results.

The main light source consists of a
straight tungsten filament, 12 inches
long, enclosed in a cylindrical envelope,
this length being needed for optical
reasons. To produce adequate surface

1To be described in a forthcoming issue of
the Journal of the Franklin Institute.
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FOURTH MODERN /4
N
\ \ CONTEST

\4 INDUSTRIAL PARTS \/
)
=\ ,W,/’
=S £

N/ LAMINATED Q\ f
' 4 PLASTICS ‘/

IF you can usc Phenolite,
the material of outstand-
ing beauty that possesses excel-
lent electrical, mechanical and
chemical properties - that can
be fabricated into countless
forms and shapes - and is ob-
tainable in over a hundred
standard grades, write or call us.
Our trained technicians gladly
will study your problem - with
no obligation on your part.

g the puller. Jfter @ we calling
i 4000 volts ¢ 80% liue. n- F
han IS o Luxe bEe OUNDED 187 3
th sjon 17 g . 48 just o
er e has adily
e TRADE MAR K

NATIONAL
VULCANIZED FIBRE CO.

WILMINGTON - DELAWARE
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High-voltage rectifier arrangement which obviates
manual changing of tubes during broadcast periods.

In the background are relays for electrical changing
of tubes.

Streamlined front of the new 50,000-watt Westing-
house transmitter at KDKA. Air-cooled tube in the
modulater unit being connected at the front panel
of the transmitter.

-

-

Westinghouse
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Westinghouse, operator of the nation’s first broadcasting station, presents to

radio a new line of broadcasting equipment.

First of the new equipment, a 50,000-watt transmitter, has given a new voice

to Westinghouse KDKA just as the station entered its 20th year.

The KDKA 50,000-watt equipment steps far ahead of conventional design

in many improvements and refinements among which are:

1 Air cooling of all tubes, eliminating all water
cooling and permitting utilization of exhaust

air for heating the building.

2 Replacement of rectifier tubes by electrical

remote control.

3 New Standard of Efficiency—50 kilowatts out-
put with average program modulation for 115

kw from the power line.

4 Clean cut modern design with every part

readily accessible.

To operators of stations everywhere, this West-
inghouse announcement signals availability of
proved equipment that contains all the practical

teatures Westinghouse has learned in 19

J-08005-A

years of operating some of the nation's
foremost stations. Call the nearest West-

inghouse office for further information.

Such milestones
cast industry ag
by the new KD
made possible
radio tube deve]

fac;turing €Xperience.
turirrll the Westinghouse manufac.-
9, as well a5 Operating de.

upe €Xperience

n the radio broad.-
are represented
KA transmjtter are
when backed by
°pment and many,.

used in the first
. mplete line
f\(/)V;e]sotlngillouse transmitting tub:sf
Toadcast and ofhe
. '
be announced shortly, —

e

Broadcast Equipment
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9 : ; . t 3 g by
High-Frequency radio coils manufactured by the F. W. Sickles Co.,
Springfield, Mass. Textolite fabricated tubing is used.

o

AND TEXTOLITE MORE THAN MEET THE
SPECIAL INSULATION REQUIREMENTS

For any electrical radio or electronic part that requires complete
insulation you will find Textolite laminated an excellent material.
lts many grades permit a wide selection—you can easily choose the
right grade to do the best job for you.

And as for forms, Textolite is available in sheets, rods, tubes, and in
fabricated parts no matter how simple or how intricate.

General Electric’s newly published price list on Textolite is now
available on request. We suggest that you write for your copy
now. Address Section G-10, %Icstics Department, General Electric
Company, One Plastics Avenue, Pittsfield, Massachusetts.

General Electric has recently reorganized its fabricating
facilities to assure you of quick and uninterrupted service
on fabricated parts. To take advantage of this improved
service send inquiries and requests for prices direct to:

IN THE EAST— )
Plastics Department, General Electric Co., 44 Cambridge St., Meriden, Conn.

IN THE WEST — o
General Laminated Products, Inc., 3123-13 Carroll Ave., Chicago, lllinois.
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brightness the current through the
lamp is 5 amperes, which must be di-
rect current to prevent vibration. If
the light source is to be constant with-
in a third of one per cent, the voltage
across the lamp must be held constant
to within a tenth of one per cent. This
requirement is difficult to fulfill be-
cause the current through the lamp is
so large and the drop across the lamp
is only 20 volts.

Recently it was decided to replace
the original battery supply by some
type of regulated supply. Several
methods were tested before the circuit
shown in Fig. 1 was adopted. This cir-
cuit, as may be seen, is an adaptation
of the vacuum tube regulator com-
monly used for a plate supply for com-
munication receivers® ®,

nv .-y
0C, ¥ amp fuse

P

2010

10 '\‘/o/fs with 325 amps
0
Lomp 24 volts with 55amps

Fig. 1—Circuit of 5-ampere voltage
regulator

In this type of regulator the 2A8’s
act as a variable resistor in series with
the load. For this application the ten
2A3’s used were shunted with a wire
wound variable resistor to help them
carry the load, the tubes carrying 2
ampere and the resistor the remainder.
When the circuit is operating the grid
of the first control tube (a 6C6) meas-
ures the change in lamp voltage; this
change is amplified and applied to the
grids of the 2A8’s to change the cur-
rent and bring the voltage across the
lamp back to its original value.

The load being fixed, the regulator
has to compensate only for changes in
line voltage. It will make a ten volt
swing in line voltage appear to the
lamp as a change of less than .01 volt
or 1/20 of 1 per cent.

To be satisfactory the regulator
must not only compensate for line volt-
age swings but must drift very little
during the time of operation. This re-
quirement is more severe than it is in
most regulators of the same type be-
cause of the small changes of voltage
that must be detected. However, due
to the feedback in the circuit most of
the components are not critical. For
example the circuit is so insensitive to
the tube constants that one of the 2A3’s
may be removed from its socket while
the regulator is operating without pro-
ducing a measurable change in the out-
put voltage.

2 A, C. Bousquet, ‘“Improved Regulator Per-
formance,” Electronics, 11, 26-27, July, 1938.
3 G. Grammer, “Battery Performance from
ig%’rlc. A. C. Power Supply,” QST, August,
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a great PAST is desirable
a hopeful FUTURE makes life endurable

... but
a policy of assurance in the PRESENT

after all is what counts

Superior, as we speak of time, has too

short a history to say much of its PAST, but its en
tire organization looks into the FUTURE with con-

L

L

fidence, and as for the PRESENT, well . ..we make

.

each and every day one of joy and pride—fun in our

L

occupation and glory in the achievement. We still

.

make only Small Tubing, which we define as “Fine
Tubing”, and it is produced in many Metals. .. Our
have tubing problems

PR THE 0.

[ THE BIG NAME IN SMALL TUBING |
NORRISTOWN, PENNSYLVANIA

//////%%////%W////////////////////%

L

-

‘“*FOR FINE SMALL TUBING"
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The Precision Plastic

Surface beauty is not enough—it must be backed by per-
For that reason every INSUROK precision
molded part or product not only possesses pleasing ap-

formance.

pearance but delivers the utmost in utility and depend-
ability. Manufacturers are quick to appreciate these ad-
vantages. More and more Richardson facilities are called
upon to assist in adding eye appeal, greater salability,
and improved performance to numerous diversified prod-
ucts. Quite likely you're missing something by not avail-
ing yourself of this service. Why not investigate?

F#e RICHARDSON COMPANY

Founded 1858 Lockiand, I'Eﬂhﬂtl'ﬂ Tl
Tafisnapoa, Dnd,

Dﬂ:’t-ltﬂﬂ'h:e #:35) 0. M. Bui Phooe Mudison 71185
Mew York Offiee: 75 West I.ln::t. Widtehall 4-4487

H:h:ue hzt, {Ch.lﬂ.u;l m.

www americanradiohistorv com

The only parts of the circuit requir-
ing unusual care are the reference
voltage and the heater supply of the
first tube. In place of the conventional
neon bulb, a bank of dry cells is used
as reference voltage with a tap switch
to adjust the operating voltage. The
heater of the first tube was supplied
through a regulated a-c supply of the
magnetic type to keep variations of the
cathode temperature small, as this was
a source of drift.

This eircuit represents another case
where small electronic tubes, cheap
and plentiful because of their use in
the radio industry, have invaded the
domain of power equipment and done a
better job than could be done with
conventional apparatus.

A Compact Telephone
and V. L. Set

| By GErRALD CHINSKI,

Chief Engineer, KXYZ

THE EQUIPMENT HERE described is a
very compact and complete telephone
extension set. It contains also a vol-
ume indicator with multiplier in 2 db
steps to provide a maximum level
measurement of plus 16 db (at .006
watt equal 0 db) and a minimum of
minus 10 db. A key switch and 500
ohm dummy load resistor are provided.
This is included because it provides a
quick and accurate termination of
either an open ended line or the output
of an otherwise unloaded amplifier.
Complete binding post and jack ar-
rangements are included for quick
connection as is also a line reversal
switech for quick reversing of program
and order wires.

External appearance of telephone
set

The indicating instrument itself is a
.compromise for monitoring service but
is rugged and capable of a very good
job if the operator properly allows for
the overshoot and somewhat fast re-
turn. The entire assembly is on an alum-
inum panel 11} inches x 9% inches x 3.
It mounts in a very light reinforced
wood case 15 inches x 103x5%. These
dimensions allow for a net open
space inside the case to the left of the
panel of 9% inches x 3% inches x 2.
This recess is used to store the “push
to talk” hand set and ringer crank.
The ringer crank screws on the ringer
shaft and protrudes through a bushed

hole at the right edge of the case. The
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“Grid Leak”

Power Wire Wound
Type “ A” Ceating

Type “ A%
Yolume Coatroi

Type "B”
Volume Control

1940

I 92 I The advent of commercial
broadcasting—the first de-
pendable “grid leak” is produced, the
forerunner of the now-famous metallized
filament-type resistance element.

I925 A ru.dicul improvem'ent in

the filament type resistor—
new stable filament embedded in
ceramic form with molded metal termi-
nals—the recognized standard of quality

for many years.

I93 IRC announces the first
moisture-proof cement coat-

ing for power wire wound resistors—a

coating that, today. remains the standard

for difficult applications.

|93 Bakelite resistance element
for volume controls — dura-

ble and moisture proof—first made com-

mercially available for the industry.

I 93 IRC introduces the first bake-
lite-insulated resistor. This

principle has since been adopted almost

universally by the resistor industry.

Today. IRC is still the only firm making

a complete line of insulated low-wattage
units.

I934 Multiple Finger Contactor

for volume controls—each
finger independently acting — resulting
in quieter and more uniform controls—
first introduced. This principle gradually
being adopted by other manufacturers
of controls.

403 NDRTH BROAD ST,
anm nf h sistance Units of More Types, in More Shupes, for More Applicatio ns, Than Any Other Manufacturer in the World
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I 93 6 Dep{urting from conventional

designs, IRC produces the
first medium-power wire wound resistors
with high temperature, molded bakelite
insulation —also a complete line of low-
power insulated wire wounds.

I 937 The Spirf:l pr.'in'g Connef:tot

—replacing sliding metai-to-
metal contact—is developed to eliminate
the last major source of noise in volume

controls.

I 93 IRC introduces cement coat-
ing affording maximum pro-

tection against excessive humidity con-

ditions. It withstands the standard U. S.

Navy salt immersion cycling tests.

|93 IRC introduces a new type
all-metal power rheostat.

having practically the same temperature
rise with full load across small sections

as across entire unit.

I93 IRC announces the first
Attenuators with commutator

switching device and Spiral Spring

Connectors.

I 9 3 9 T!'le me'tullized'filument prin-

ciple is applied to large
resistor forms. IRC makes commercially
available high voltage resistors, for use
up to 100 kilovolts. and power resistors
for use at h